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Eufilaria mcintoshi, n.sp. from Padda oryzivora (L) 

Roy C. iVxBERSOis' and Gordon F. Bennett 
Dopartincnt of Pitnisitology, Ontario Kesoavch Foundation, Toronto, Canada. 

A new species of Eufilaria Seurat, 1921 has been found in a Java sparrow 
inu'chased from a wholesale pet dealer in St. Thomas, Ontario. This species 
is named in honour of Dr. Allen McIntosh of the Agricultural Research 
Service, Beltsville. 

Description (Figs. 1-8) : Filarioidea, Onchocercidae, Eufilariinae, Eufilaria 
Seurat, 1921. Small, slender, with e.xtremities only slightly attenuated. Buccal 
cavity absent, oral opening minute. Amphids large, dis 2 :)laced slightly to 
ventral side. Cephalic ])ai)illae consisting of four papillae on dorsal side of 
cephalic extremity. Oesophagus short, narrow, undivided, indistinctly sepa¬ 
rated from intestine, the latter full of erythrocytes ('?) and constricted at 
various ^joints. Excretory pore slightly behind nerve ring. Phasmids much 
reduced, terminal in females, not obseiwed in male. Deirids absent. Lateral 
fields broad and clear. Cuticle delicate, with minute, regular, transverse stria- 
tions. 

Male (holotype) : Length 6.2 mm. Maximum width 7J microns, near middle 
of body. Width of cephalic end 48 microns. Oesophagus 186 microns in 
length. Nerve ring 92 mici'ons from cephalic extremity. Anus subterminal, 14 
microns from caudal extremity, guarded by i)air of lateral, fleshy elevations 
and single jireanal swelling. Spicuh's subequal, dissimilar morphologically, 
distal half tapering markedly; right spicule 62 microns, left spicule 64 microns 
in length. 

Female (two specimens; first figure allotyjoe) : Length 17.5, 15.5 mm. 
Maximum width 150, 143 microns, near middle of body. Width cephalic 
extremity 80, 123 microns. Oesophagus 232, 185 microns in length. Nerve 
ring 162, 170 microns, (“xcretory pore 185, 190 microns and vulva 450, 460 
mici’ons from cephalic extremity. Vagina 900 microns in length, dividing into 
two broad uteri which continue to posterior quarter of body where they give 
off oviducts and ovaries. Anus jratent, subtc'rminal, 15, 14 microns from 
caudal extremity. 

Microfilaria (Geimsa, five specimens) : Length 110-130 microns. AVidth 
3-4 microns. Surrounded by delicate, hyaline sheath. Caudal end slightly 
attenuated, ending in rounded apex. Cejihalic space absent. Positions of 
fixed points expressed as jiercentages of total length as follows: nerve ring 
29-33%; excretory ])ore 12-46%,; excretory cell 45-49%;; inner body 66-74%; 
first rectal cell 75-82%; anus 86-90%. 

Host: Java sparrow, Paclda oriizirora (L). (Ploceidae). 

Location ; Subcutaneous tissue in region of legs. 

Locality: Java; imported to St. Thomas, Ontario. 

Specimens: U.S.N.M. No. 390.35. 
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Comments; Eitfilaria vicintoslii is readily distinguished from other deseril)ed 
species. The spicules of E. sergenti Seurat, 1921 are much smaller in relation 
to the size of the caudal extremity, caudal swellings are absent in the male, 
and the vulva is in the oesophageal region. The distal half of the spicules of 
E. micropomis (Travassos, 1926) are broad rather than tapering as in E. 
vichitoshi and it is a much larger species. The anus of the female of E. lari 
Yamaguti, 19.1.i is terminal rather than subterminal, the oesophagus is con¬ 
siderably longer and the microfilaria shorter; the male is unknown. The caudal 
end of the male of E. asiaticiifi Singh, 1949 has two pairs of lateral swellings 



Eiifilaria aicintoslii n. sp. 

Fig. 1. Anterior end female, lateral viev' (allotype) ; Fig. 2. Cephalic end fe¬ 
male, right lateral view (paratype) ; Fig. 8. Cephalic end female, ea facr view 
(paratype) ; Fig. 4. Microfilaria from blood, Giemsa’s stain; Fig. 5. Lateral field 
male, middle of body; Fig. 6. (^audal end female, lateral view (allotype); Fig. 7. 
Caudal end male, lateral view (holotyjK’) ; Fig. 8. Caudal end male, ventral view 
(holotype). 
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as well as a terminal protuheranee and the spicules are less subequal and 
double the size of those of E. ))ici)it(>stii. The anterior end of drlicata Sup- 
perer, 1958 is bulbous and the microfilaria has a sharply pointed tail. E. 
<<tf)sidata (Annett, Dutton and Pllliot, 1901) was not described in detail but 
the female was said to be 40 mm. in length, over twice the length of the 
female of E. '))ici)it()s]ii. All species of Eufdariit are parasites of subcutaneous 
tissues of birds. 

The microfilaria of E. ))ii-int(>shi failed to d(‘V(‘lo]) in Ardrs aeg}i})ti. 
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Some Characteristics of the Early Phase of Migration of 
Larvae of Ascaris suurn'"' 

Lei.axd S. Oi.sk.x and Gkorok W. Kkelky, ,Tr. 

Among investigators who have studied the rate of migration and growth of 
larval Ascaris sd)iu) are Ransom and Foster (1920), Ransom and Cram 
(1921), Martin (1926), Roberts (1934), Spnmt (1952) and Kelley ct al. 
(1957). Hosts used bv tliese authors imdiuh'd mice, guinea pig^i, rabbits and 
pigs. Their studies, howev(‘r, have not geiuu'ally considered migration or 
growth of larvae during the first three davs of infection. Our observations 
have indicated that thre('-dav-old larvae show an unexp(‘cted pattern of mi¬ 
gration and the present study was planned to descilbe in part this early 
migratory behaviour. 

Materials axd Methods 

The -1. sddw eggs wer(“ obtained from uteri of adult female worms, em- 
brvoiiated on moist granular charcoal at 27°C. for a period of six weeks, then 
stored at 5°C. until used. The chitinous laver of the shell was nmioved by 
macerating the eggs for 16 hours at 37°C. in a solution consisting of equal 
parts “Clorox” (5.25% sodium hypochlorite) and 3%. sodium hydroxide. 

After the deeoating process the ('ggs were washed through a sieve which 
separated them from the larger charcoal partiides. The decoated eggs were 
then washed four times in tap water. Doses were jirepared by dilution counts, 
and the eggs were administered to host animals by gavage. 

■•"Fiom the Department of Animal Pathology, Piiiversity of Nebraska, Inncoln, 
Nebraska. 

Published with the ai)proval of the director as paper No. 981, Nebraska 
Agricultural Experiment Station. 
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Doses of 10,000 and 100,000 eg'g's wore given to mice, rats, and eleven-day- 
old pigs. The pigs were obtained by hysterectomy, deprived of sows colostrum, 
and raised in strict isolation, using the method described by Young ef al. 
(1055). This procedure prevented uncontrolled infection with A. siixm. 

All hosts wer(' killed and examined 72 hours aft(‘r infection. The number 
of larvae present in the liver and lungs of each pig and rat was estimated by 
trituration of the tissues and dilution counts, Kelley ef al., (1957). Contents 
of the stomachs of the rats were adjusted to live ml. and th(' number of 
larvae present estimated by counting those in a one-half ml. ali(iuot of the sus¬ 
pension. Homogenates of the entire liver and lungs of mice were prepared, 
and their volumes adjusted to 20 and 10 ml. respectively. The stomach contents 
were removed and their volumes adjusted to live ml. The number of lai'vae 
present in each organ was estimated bv counting the larvae in a one-tenth 
aliquot of the material in each case. 

Measurements were made of 25 randomly selected larvat* from the liver and 
lungs of the pigs, and of 20 larvae from liver, lungs and stomach of the rats 
and mice. To obtain lengths of pooled larvae from mice, liver and lung homog¬ 
enates and stomach contents were mixed in a single tube and twenty I'an- 
domlv selected larvae measured. In the case of piglets and rats, lengths of 
pooled larvae were calculated from the size and percentage present in (‘ach 
organ. Student’s “t” test was used in all tests for significant differenc(‘s. 

RicsrLTS 

Data on the. larvae' from the three host types are summarized in Table f. 

Ingestion of the large egg dose resulted in accelerated migration in mice, 
l)ut had no apparent effect in rats and piglets. 

With the exception of one of the pigs and four of the mic(' which received 
the large egg dose, all animals contained larvae in the lungs which wei'e sig¬ 
nificantly smaller, at the 1% probability level, than larvae in the liv(‘r. In 
hosts where larvae were found in the stomach (all of the high-dose mice and 
one of the high-dose rats), these larvae, with the exception of those in one of 
the mice, were significantly smaller, at the 1% probability level, than larvae 
in the lungs. 

The large egg dose in mice caused a significant reduction in size of pooh'd 
larvae from liver, lungs, and stomach. 

DlSC'I'SSIOX 

Tlu' occurrence in the lungs of significantly smaller larvae than in the liver, 
and in the stomach of significanth'’ smaller larvae than in the lungs is contrary 
to what one would normally expect. Ransom and Foster (1920) state that 

. . it is evident that there is a general increase in size with the lapse of time 
and with the pi'ogress of the larvae through the liver, lungs, trachea, and into 
the alimentary tract . . Some possible explanations for this size-difference 
phenomenon are: (1) a filtering action by the liver blood vessels, physically 
impeding the progress of the large larvae to a greater extent than the sjna]],- 
(2) the fact that the liver affords a more favorable growth environment for 
those larvae which by chance remain there longer; (3) a greater activity 
on the part of the small larvae, causing them to pass through the liver earlier 
than the large; or (4) the possibility that certain of the larvae, in moving 
into the intestinal wall, penetrate lymphatics rather than venules of the portal 
system, thus reaching the heart via the thoracic duet and by-passing the liver. 
Ransom and Cram (1921) noted the possibility of a migration through the 
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lyinj)liatics to the lieart in eoimiieiitiiig on the presence of larvae in inesenteric 
lynipli nodes in 14 out of IH infected guinea pigs. 

An examination of the published data of otlier authors who have recorded 
ineasureinents of larvae in the early period of migration furnishes some addi¬ 
tional evidence of the more rapid migration of small larvae noted here. 
Eob(‘rts (1934) recorded, from the livers of guinea pigs and pigs, two-day-old 
larvae ranging from 0.27 to 0.31 mm long, while in the lungs the larvae 
nu'asun'd from 0.27 to 0.305 mm. Three-day-old larvae in the same hosts 
ranged from 0.28 to 0.33 mm in the liver and from 0.245 to 0.335 in the 
lungs. Kelley et al. (1957) recovered larvae from the livers of two pigs two 
days after infection which averaged 0.33 mm long, while larvae fi’om the lungs 
of those pigs averaged only 0.30 mm in length. 

The acceleration of migration which accompanied large egg doses in mice 
but not in rats or pigs may have been caused by the large number of larvae 
entering the relatively small liver of the mouse. This massive migration may 
have, by sheer foi’ce (E' numbers, widened migration pathways in the liver 
which otherwise would have been effective in slowing the progress of the 
larvae. 

The significantly rednccal growth rate of pooled larvae which resulted fi'om 
the large egg dose in mice may have been produced by the (“ff'ects of crowding 
or by a lowering of the fitness of the environment pi'ovided for the larvae, 
caused by adverse physiological effects on the host of the massive larval 
migi'ation. 

Sr.M sr.VRY 

Progi’ess of migi'ation and growth of larvae of Afivarix siiiim was deter¬ 
mined in piglets, rats, and mice seventy-two hours after infection. Effects of 
egg doses of 10,000 and 100,000 were compared. 

The 100,000 egg dose accelerated migi'ation in mice, but not in rats or 
piglets. 

Tn all three host types the 10,000 egg doses consistently jiroduced larvae in 
the lungs which were significantlv smaller than those in the liver. When 
larvae resulting from the 100,000 egg doses were found in the stomach, they 
were in nearly all cases significantly smaller than larvae in the lungs. Possible 
explanations for tlu'se size differences are discussed. 

In mice, the 100,000 egg dose caused a significant reduction in size of 
pooled larvae from livei', lungs, and stomach. 
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A note on Ogmocotyle ailuri (Price, 1954) 
(Tremaloda: Nolocolylidae). 

E.m.mett W. Pkice 

Oat'ksoiivilU' State College, Jacksonville, Alabama 

In 19;)1 tlie w rit(“r described in abstract a species of notocotyloid treniatode, 
which bdonged to th(' genus 0(ji>i<)cnti/lr Skrjabin and Shul’ts, 1933, from 
the lesser panda, Ailnrits fiiUjnis. Through a lapsus, apparently because of 
the similarity of th(‘ generic names Ofjtnocotjilr and Ofjniafjastrr (both noto¬ 
cotyloid), the name ()ffn)<t(jitst<>r (tiliirl was proposed for the parasite. 

The host, Ailiinis j'ulfjens, was a young adult which died in the National 
Zoological Park, IVashington, D. C. on May 21, 1957, and was listc'd in the 
records of the U. S. National Museum as Accession No. 252091. The specimen 
had been obtained from a New York dealer in wild animals but beyond this 
no information was available as to its original source. 

In view of the fact that the lesser panda was a relatively rare animal in 
zoological gardens and because the Mnseum authorities wished to utilize the 
carcass for anatomical studies, a complete necropsy was not possible. How¬ 
ever, on May 27, 1927 (erroneously given in the abstract as April 27) the 
writer was permitted to flush out the intestinal tract, by means of a tube 
inserted into the duodenum, and a single specimen of the trematode ref('rred 
to above was recovered in the washings. 

The purpose of this note is to j)resent a more complete description of the 
species than was possible in the abstract. 

Of/mocnti/le ailuri (Price, 1954) Pig. 1. 

SyxONVvr. Oi/nioi/astcr ailari Price, 1954 

Descriptiok. Body scooj)- or boat-shaped, 1.3 mm long by 0.73 mm wide. 
Cuticle smooth and without spines. Oral sucker subterminal, 0.112 mm in 
diameter; esophagus slender, 0.13 mm long; intestinal branches slender but 
could not be followed beyond level of anterior transverse uterine loop. Genital 
aperture to left of median line, about 0.64 mm from anterior end of body. 
Cirrus pouch somewhat crescent-shaped, about 0.6 mm long by 0.15 mm wide, 
the distal portion almost completely Oiled by the seminal vesicle and the 
transverse portion almost entirely occupied by the pars prostatica; cirrus 
unarmed. Testes 0.29 mm long by 0.096 mm wide, situated as in other 
notocotyloids. Ovary deeply lob(‘d, about 0.1 mm long by 0.24 mm wide, situ¬ 
ated between posterior ends of testes. Mehlis’ gland about one-third as large 
as orary and antero-dorsal to it. Vitellaria consisting of relatively large 
follicles, forming band across body dorsal and largely anterior to testes. 
Uterus consisting of more or less regular transverse loops e.xtending laterally 
to near margin of body, almost filling zone between anterior margins of testes 
and cirrus pouch. Metraterm prominent, transvers<‘, about 0.24 mm long by 
0.08 mm wide. Eggs 0.018 mm long by 0.011 mm wide, many with long 61a- 
ment at anterior and posterior poles and others with a long hlament at 
antopercular pole and 2 shorter hlaments at opercular pole. 

Host. Lesser panda, Aihints fnhjrns. 

Locatiok. Intestine. 

Locality. National Zoological Park, Washington, D. C. 

Holotype. U. S. National Museum Helminthological Collection No. 27777. 

Discussion. The genus Ofpnovoti/lr was proposed by Skrjabin and Shul’ts 
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(1933) for 0. pngargi wliieh had been collected from the small intestine of 
Capreola pggargns hcdj'ordi in Siberia. In the same year Yamagnti (1933) 
proposed the genus Cgmha forma for a notocotyloid trematode, C. sikae^ which 
had been obtained from the upper portion of the small intestine of Sika 
vippon in Japan. Ruiz (1946) regarded the two species as congeneric and 
pointed out that Ogmocotgle Skrjabin and Shul’ts had priority of a few 
months over Cgmbaformu Yamaguti. Skrjabin (1953) regarded Yamaguti’s 
species as a synonym of 0. pygargi, an action that appears correct since there 
are insufficient differences to warrant regarding the two species as distinct. 

Bhalerao (1942) described as Cymhuforma indica a species from the small 



<9.5 777777 

Fig. 1. Of/mocotgle ailvri. Coaiiilete worm, ventral view. Original. 
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intostino and bile ducts of sheep, goats and cattle in India. This species was 
subsequentlyplaced in the genus Ogmocoli/le by Ruiz (loe. cit.). Concerning 
the frequency of occni’once of this parasite, Balerao (1948) stated that 

“Cjimhiforrna indica _ is very coinnion in goats and sheep and 

I'are in cattle at Mukteswar.” 

Ogmocotyle ailuri, resembles 0. indica in many respects and may eventually 
be shown to be identical in spite of the wide difference in hosts. The principal 
character which seems to differentiate the two forms is the cirrus pouch, this 
structure being situated more transversely in 0. ailuri than in 0. indica. 
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Acetylcholinesterase in Plant-Parasitic Nematodes 
and an Anticholinesterase from Asparagus''' 

R. A. Rohde** 

The enzyme acetylcholinesterase and a cholinergic system of nerve inqiulse 
transport appear to be almost universally distributed throughout the animal 
kingdom. At least three species of animal-parasitic nematodes have been 
found to have acetylcholine in somatic and nerve tissue (Mellanby, 1905). 
Mellanby showed that in A .scum lumhricoidcft the highest concentration of 
acetylcholine occurred in the region of the nerve ring and sensory terminals. 
Krotov (1957) found that intact individuals of Ascurls sp. are sensitive to 
added acetylcholine and that this effect is enhanced by pretreatment with 
proserine. He was able to demonstrate an acetylcholine splitting enzyme 
which was highly concentrated in the nerve ring and sensory terminals of the 
lips. While the above experiments do not meet all of the criteria of Bac(i 
(1947) for the identification of a cholinergic system, there is very strong evi¬ 
dence for this system, at least in A.scam’. 

No information is available concerning the presence of acetylcholine or 
acetylcholinesterase in plant-parasitic nematodes. Organic phosphate insecti¬ 
cides which inhibit cholinesterase in insects and other animals are highly toxic 
to soil nematodes (Christie, 1959). A possible assumption is that the mode of 
action of these chemicals is similar in all groups of animals. It is the purpose 
of this paper to present evidence that an acetylcholine-sj)litting enzyme, sen¬ 
sitive to cholinesterase inhibitors, is present in several sjiecies of plant-para¬ 
sitic nematodes. 


'Scientific Article No. A80o, Contribution No. ,8076 of the Maryland AKiicultural E.xperi- 
ment Station, Department of Botany. 

^-Present Address: Dept, of Entomology and Plant Pathology, University of Massachusetts, 
Amherst, Massachusetts. 
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Materials axd Methods 

Acetylcholinesterase was determined histocheinically l)y the use of GonioriV 
modilieation of Koello and Friedenwald’s substrate (Goniori, 1952). Intact 
nematodes were placed in this substrate, a buffered solution of cojiper ion and 
acetylthioeholine, for 24 hours. Enzymatic hydrolysis of acetylthiocholine 
yields thioeholine in the form of copjier mercaptide. After rinsing in saturated 
ammonium sulfate, specimens were transferred to a solution of concentrated 
ammonium sulfide for 15 minutes. Dark brown cupric sulfide was deposited in 
sites where thioeholine was released while areas which did not react with th(' 
substrate were unstained. Time intervals in solution were varied, those re¬ 
ported above being most satisfactory. 

Three different compounds were studied in regard to their effect on the 
staining reaction described above. Thimet® ])horate ((),()-diethyl S-(ethylthio) 
methyl ])hos])horodithioat(‘) was sdected as a known cholinesterase inhibitor. 




Figure F Nematode si)Oc,imciis stained to show location of acetylcholinestera.se. 
Fl)l)cr: Anterior end of Tricliodonis rln-isliri showing region of nerve ring stained 
darkly. Lower; Posterior end of FrnIfilriiclnis pcncrians showing darkly stained 
l>hasinid and uiuh'rlying pouch. 
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and lonnaliu bocauso it donatui’os most |)i'()t(‘ins but has little effect on acetyl¬ 
cholinesterases (Colowick and Kaplan, 1957). The third conipound used was 
a glycoside (‘xtracted from soil around the roots of the asparagus variety 
Mary Washington. This conipound is toxic to nematodes but death is preceded 
by abnormal twitching and paralysis, indicating a possible effect on the 
nervous system (Kohde and Jenkins, 195S). The material is also an inhibitor 
of human plasma cholinesterase.t 

To study the effects of these three compounds, specimens were divided into 
■1 groups and placed for one hour in distilled water, 3 per cent formaldehyde, 
0.5 per cent commercial thimet, and 0.1 per cent asparagus toxin. After these 
pretreatments, the nematodes were placed in the acetylthiocholine substrate. 

Itiosi LTs -AKD Discussion 

Positive reactions, indicating the presence of cholinesterase, were obtained 
with all species of nematode's tested, including Tiicliodonis cliristiei, Pratul- 
enelDis penetrans, Xi])hinein(t aniericannin^ Doriilaiinus sp., and Helicoti/I- 
enrlins nannus. The most intensivi'ly stained areas were the various parts of 
the nervous system, including the nerve ring and associated ganglia, amphids, 
phasmids and payiillae on the lips and body surface. (Pig. 1). 

Pretreatment with 3 per cent formaldehyde in many cases intensilied the 
staining reaction when compared with the distilled water controls. No re¬ 
action oc'curred after pretreatment with thimet or asparagus extract, an indi¬ 
cation that the enzyme had been inactivated. 

The presence of an enzynu' capable of hydrolyzing acetylthiocholine (and 
presumably tlu'refore acetylcholine) which is inactivated by cholinesterase 
inhibitors and is concentrated in nerve tissue is not complete evidence of an 
active cholinergic system, hut indicates a strong possibility that this is the 
case. Further work is necessary to determine the specifieity of the enzyiiu' or 
enzymes and its behavior in the presence of specific inhibitors. 

Mary 'Washington asparagus is resistant to attack by plant ])arasitic nema- 
todes because of the releasi' of the toxic glycoside, used in the above experi¬ 
ments, into the root zone (Rohde and Jenkins, 1958). The above results sup¬ 
port the thc'ory that the mechanism of toxicity is an interference with acc'tyl- 
cholinesterase. 
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A New Stylet-Cercaria, C. edgbastonensis 
from Lymnaea stagiMlis (L.) 

P. Nasir'-' 

In a study of larval triuuatodos of ijjimudoa (L) from Edgbaston 

Pool (a small lake near the University of Birmini>'liam, England) three spe¬ 
cies of stylet-cercariae were encountered. Two of these, Cerc.arut pscufhtrmata 
(Brown, 1926) and the cercaria of Vlagiorchis (M) megulorchi:^ (Rees, 19o2) 
have been previously described and will not be dealt with in this paper. The 
third cercaria is described and is here proposed as a new species: Cercan'a 
eghastouf')isis. 

Matioriat. and Methods 

Snails, Ignmuica fttagiKilis^ were isolated in water in 2" by ] " glass tubes and 
checked foi' cercarial emergence. 

All cercariae were studied alive unstained or with the aid of the vital stains, 
methylene blue, nile blue sulphate and neutral red. Neutral I’ed 0.05% was 
very helpful foi' identification of penetration glands and their ducts. 

Cercarid e<lgh(tst(>iid)i.'<is, n. sp. (fig. 1 to 2) 
ireasurenients in mm. are based on twenty living specimens naturally 
emerged from their host. 

Diagnosis: Stylet-cercaila of Conniae subdivision of Polyadenous cercariae. 
Body, 0.096 to 0^296 by 0.064 to 0.104. Tail, without a linfold, 0.064 to 0.264 
by 0.024, lodged in a subterminal caudal depression; the latter 0.017 to 0.026 
by 0.015 to 0.028, flanked by caudal pockets, lining of which produced into 
line needle-like i)rocess(‘s. Cuticle of body, with ti'ansverse rows of s})in(‘s, 
most prominent in icreace-tabular region; fifteen transverse rows of “flagcl- 
lets,” 0.057 to 0.088 long, all over body. Stylet-organ, javelin-shaped, 
without a basal bulb, 0.025 to 0.027 long; width of shaft, 0.004, width of 
shoulder, 0.006. Oral sucker, 0.085 to 0.043 in diameter, venti'al suckei' 0.027 
to 0.033; the latter lying behind the middle of the body. Prephaiwn.x, very 
shoi't. Pharynx, 0.012 to 0.016 in diameter. Esophagus, 0.0] 2 to 0.025 in 
length, bifurcating midway between suckers; intestinal ceca, short stump-like 
appendages, nevei' extending to ventral sucker. Penetration gland cells, eight 
pairs, with granular contents and vesicular nuclei, mostly anterior to ventral 
.suckei'. Cystogenous gland cells, granular, uninucleated, occupying dorsal and 
lateral margins of body, especially abundant in postace-tabular region. Large 
globular concretion bodies present. Genital priuiordia, two masses of cells, 
one anterior and one iiosterior to ventral sucker, connected by strand of cells 
running slightly dorsal and laterally around ventral sucker. Excretory bladder 
with i)Ostei'ior rectangulai' portion, joined by nai'i'ow median portion to two 
anterior lateral hoi'iis that reach posterolateral margins of ventral sucker. 
Posterior rectangular })oi'tion opens into excretory iiore through a nai'row 
posterior tube. Excretory pore located at anterior dorsal border of caudal d(!- 
pression. Main lateral excretory tubes arise from middle of anterior ends of 
corresponding horns and divide into anterior and posterior latei'al collecting 

• From tlio Department of Zoology and Comi)arative Physiology, University of Dirminglmm. 

This report is taken from a thesis submitted to tlie Universit.v of BirmiiiKliam, England, in 
partial fulfillment of th<! requirements for the degree of Doctor of Dhilosoi)hy. 

Tho author expresses his appreciation to Dr. .1. I.lowellyn, Zoology Department, University 
of Birmingham, England, for the help given dnring the course of this work and to Prof. 
1). li. DeGhisti. Wayne State University, for help in i)reparing the manuscript. 

Present address: l^arasitology Laboratory. Wayne State University, Department of Biology, 
Detroit, Alichigan. 
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tubules at equator of ventral sueker. Flame eells, thirty-six, represented by 
formula. 2 (3-3-3)-(3-3-3) = 36. Caudal excretory duet ab.sent. Development, 
in sausage-shajjed si)orocysts, 0.027 to 0.08 long. Dost, L. stagnaliK (/.). En- 
eystment, in />. stagiuilis, Chironomiis larvae as well as free in water; cysts 
measure 0.096 (0.104-0.112) in diameter. 

Large numbers of immature cercariae were common free in the liver spaces 
of snails which harbored this particular infection. The body of these im¬ 
mature cercariae was more transparent than that of naturally emerged cer¬ 
cariae, a fact also observed by Stunkard (1930) ii- the cercariae of Crgpto- 
cotgle lingua. This is probably due to the fact that the glands of the body 
had not yet been filled with the secretory material. Thus it appears that a 
period of extra-sporocystic existence may be necessai'y for the conqjletion of 
the development of Ccrcaria edgbastouensis. 

The cercariae emerge, in great number during the evening, at night and 
early moi'ning hours. However, on occasion a small number of cercariae may 
be observed emerging during the day. 

Speciks: Within the Polyadenous group, related to Cercaria edghustonoisis 
are: Cercaria i.'^ocotglca (Cort, 1914), C. niicro})hargnx (Faust, 1917), C. 
inclicae XVII (Sewell, 1922), C. helvetica XVII (Dubois, 1929), C. acuDitho- 
coela (Miller, 1935), C. concurocorpa (Sizemore, 1936), C. jdagiorclii:^ )nuri.'< 
(Tanabe) and C. plagiorehi^ niicracauthon (Macy) as described by jMciMullen 
(1937), C. brericauda (Byrd and Reiber, 1940), C. nolfi, (Brooks, 1943), C. 
couniae (Brooks, 1943), C. goodmani (Najarian, 1952), cercaria of Vlagior- 
rhi.^ (M) niegalorchis (Rees, 1952), the cercaria of Plagiorchis parorchis 
(Macy, 1956), the cercaria of 0pithioglgphc locellus as described by Maey 
and iMoore (1958), and the cercaria of Plagiorchis rcspcrtilionis parorchis 
(Macy, 1960). Of these sixteen cercariae 0. cdgl)asto)icnsis shows closest 
resemblance, on the basis of the size and shape of the stylet, with C. goodnnoii. 
and the cercaria of P. (M.) niegalorchis, a detailed comparison of these 
cercariae is given below. 

Cercaria edgba.^itonensis is smaller than the cercaria of Plagiorchis (M) 
niegalorchis. It further differs in having a smaller stylet than the cercaria of 
P. (4/.) niegalorchis. The intestinal ceca of C. edgbastonensis are very shoi t. 
while in P. (M.) niegalorchis they extend to the posterior end of the body. 

The shape and size of the stylet in Cercaria goodniani is identical with that 
of C. edgbastonensis —these two cercariae are indistinguishable on tlie basis 
of this characteristic alone. However, certain differences afford sufficient 
grounds for separation of these two species. C. goodniani is only about half 
the size of C. edgbastouensis. The oral and the ventral suckers in C. goodniani 
are larger than those of C. edgba.stonensis. The main excretory tubes in ('. 
goodniani arise subterminally from the horns of the excretory vesicle, whereas 
in C. edgbastonensis the main lateral tubes arise terminally from the horns 
of the excretory vesicle. The two cercariae differ biologically. C. goodniani has 
not been obsei'ved to encyst in oi)en water whereas C. edgbastonensis does 
encyst in open water as well as in snails and Chirononiiis larvae. 

In conclusion, it can be stated that mor})hologically, C. edgbastonensis more 
closely resembles C. goodniani found in Lgninea paliistris in Michigan than tin' 
cercaria of P. (M.) niegalorehis found in L. pereger in Wales. 

Litkkatukk Cited 
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Longevity in vitro of Ditylenchus dipsaci (Kiihn) Filipjev 
from Narcissus 

J. E. Boshkr 

Plant Patliology Laboratory, Research Branch, Panada 
Agriculture, Saanichton, J>. (’. 

Previous studies (Hasting, 1942) of survival of th(‘ pre-adult stage of 
I)itiil(‘)icln(s dipsaci in the form of iieinatode “wool” as found in the basal 
rc'gion of narcissus bulbs have shown 100% mortality after storage in glass 
vials at room temp(“raturt' for a pcudod of four years. Fielding (1951) records 
survival of I). dipsaci in dri('d plant tissues for a period of 23 years, indieating 
that maintenanee of life in these nematodes is affected by obscure factors of 
environment. Further studies (Bosher and MeKeen, 1954) showed that D. 
di])saci in the dry state' from narcissus “wool” and in certain media survived 
freezing to -S0° C. followed by vacuum de'hydration (lyophilization) and 
storage i)i vacuo in sealed tubes for a period of up to 2S days. Tt was postu- 
laterl that lyophilization may prove to be of value as a method for the 
mainte'iianee of stock cultures for laboratory investigations. Survival of these' 
nemeiteules in relatieen to environment has been further inve'stigateel as feelleews. 

M.\tkri.\ls and AIkthods 

Clusters e)f ne'irmteeele' “weeeel” from nare-issus eeellecte'd in 1951 we're divided 
inte) twe) jeortions and |)lae‘ed in separate screw-cap glass vials. One portion 
w;is placed een a labeeratory shelf at room tem|)e'riiture juul one leet was steered 
in a heeuseheehl tyiee refrigerateer at 2°-4° C. Peertieens of the clusters were 
re'meeved at 2-year inte'rvals until 1958 euiel the percentage eef meetile nematodes 
re'e-eerded iifter 48 heeurs immersieen in shallow tap water as sheewn in Table 1. 

Se'ah'd tubes of nematodes i)i vacuo prepareel in 1953 by lyeephilization at 
-80° C., held in storage at roeem temperature for 5 yeeirs, we're ope'ued and 
vi:d)ility eef the nematodes was determine'd by imnu'rsion in shallow tap water. 
Table' 2 shows the percentage of nematodes that re'gaiiu'd motility as com- 
pare’d with similar samplers examined in 1953 shortly afte'r lyeephilization. 

l'al)le 1. Revival of Diiijlcnchiis dipsaci from narcissus “ woeel ” in vUvo in re'lation 
to time and .storage temperature. 

% revival afte'r ste)rage for: 

Steerage 1 yr. 3 yrs. 5 yrs. 7 yrs. 

Room temperature, approx. 3] ° (’. 8(i 38 3 0 

Refrigerator at 2°-4° C. 89 8(i 81 78 


KKsri/r.s 

-Vematoele's tliat re'vive'el freem the material storeel at low te'inperature' re'- 
gjiined active meetility within 24 hours afte'r being placeel in water. The' small 
pe'rcentage that revive'el after five years at reeom temperature exhibited com- 
jearatively feeble movement be'tween 24 and 48 hours afte'r immersieen. 

Xeniatode's from tubes of the lyophilizeel series xvere poured into peets con¬ 
taining bulbs e)f narcissus var. King Alfre'd from ne'mate)de-free' ste)ck. Ex¬ 
amination of the bulbs afte'r eene year’s gre)wth sinewed peepulations eef D. 
dipsaci of all stage's from eggs to adults in bulbs inoculated with nemateedes 
from lyophilize'd elrv weeed anel dry weeol in be'ef serum. Xo ne-matodes we're 
found in bulbs ineeculated with I). dipsaci treated as dry woeel in sucrose or in 
water. 
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Table 2. Eevival of Vliylencliun dipaaei from narcissus "wool” subsequent to 
lyopliilization at -80° C. in relation to time of storage in vacuo at room 

temperature. 


Nematode state 

% revival after storage for: 

28 days 5 years 


Dry wool 

80 

20.4 


Dry wool in beef serum 

80 

11.8 


Dry wool in 50% sucrose 

90# 

0 


Dry wool in water 

30 

0 



#12 (lays storage. 


Discussion 

The re.sults prescuited herein are a further indication of the remarkable 
resistance to unfavorable environment of the pre-adult stage of D. dipsuci in 
the dry state. 

Storage at low temperature is indicated as a more effective method for 
maintenance of visability of these nematodes than lyophilization at extreme 
cold followed by storage in vacuo. 
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Isolation of Trichomonas gallinae 
from the White-winged Dove, Zenaida a. asiatica 

Louis N. Locke and William H. Kiel, Jr. 

Bureau of Sport Fisheries and Wildlife, Laurel, Maryland. 

On September 13, 1959, a series of 17 throat swabbings were obtained 
from white-winged doves shot by hunters near Edinburg, Texas. The swabs 
were lilaced in tubes of Diamond’s triehomonad medium (Jour. Parasit., 43: 
488-490, 1957) and mailed to the Patuxent Research Refuge for examination. 
Upon arrival at the refuge, two and three days later, the tubes were placed in 
an incubator at 37.5° C. The following day the cultures were examined for 
trichomonads. 

Six of the 17 were positive for Trichomonas gallinae; all six were swab¬ 
bings from the 10 adult doves that on external examination were norma] and 
fat. No Trichomonas gallinae was isolated from the 7 immature birds. 

Although T. gallinae frequently has been isolated from mourning doves, 
this is, to our knowledge, the first report of its isolation from the white¬ 
winged dove. 

Thanks are extended to Mr. David Blankinship, Texas Game and Pish 
Commission, for his aid in collecting several of the samples. 
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Some Trematodes from Otters in Southern Rhodesia including 
a new Strigeid, Prudhoella rhodesiensis, n. gen., n. sp. 

Mary Beverley-Biirtox (Mrs. I). F. Mettrick) 

Two otters were examined in March and April, 1959. The otters were 
trapped at the Henderson Fisheries Research Station, Mazoe, Southern 
Rhodesia, and large numbers of trematodes were recovered from the intes¬ 
tines. The worms were fixed in cold formal-acetic, under slight coverslip 
pressure and stained with Kirkpatrick’s carmalum. Facial and sagittal sec¬ 
tions were cut of several specimens iising the Polyethylene glycol distearate 
embedding technique (Steedman, 1957). All measurements, unless otherwise 
stated, are in millimeters. 

PnidhocUa, n. gen. 

Dia(jnosiS: Diplostomatidae Poirier, 1886; body cylindrical; forehody not 
clearly demarcated from hindbody. Forebody cup shaped with a shallow 
median ventral cleft; “holdfast” organ tongue-like and protrusible. Hind- 
body longer than forehody. Oral sucker small, situated on anterior margin. 
Phaiwnx present. Ventral sucker poorly developed. Ovary and Mehlis’ gland 
ant('rior to testes which lie one behind the other. Ascending limb of uterus 
extends to posterior margin of forebody; descending limb ventral to testes. 
Seminal vesicle opens into uterus, via a thin walled ejaculatory duct, to form 
a short hermaphrodite duct. Thei-e is no genital bulb or genital cone. Vitelline 
follicles occur in posterior half of forebody, “holdfast” and anterior region 
of hindbody. The name Prudhoelln is proposed in honour of Mr. S. Prudhoe 
of the British Museiim (Natural History). 

Prudhoella rhodesie)isis, n. s]). 

Specifio Description : With characters of the genus. Body 3.12-4.27 long; 
forehody LlO-1.72 long by 0.56-0.57; hindbody 2.02-2..50 by 0.52-0.69 (figs. 
1 and 2). Forehody cu]) shaped, often embedded in intestinal wall of host. 
“Holdfast” tongue-like; 0.84-1.11 long by 0.41-0.49; can be protruded beyond 
anterior margin of forehody or completely withdrawn. Oral sucker weakly 
muscular, 0.05 long by 0.09-0.10; pharynx conspicuous, 0.12-0.13 by 0.12-0.13 
diameter; oesophagus 0.02-0.04 long; intestinal caeca long, extcmding to level 
of seminal v('sicle. Vcmtral sucker small, 0.03-0.04 by 0.04, situated 0.07-0.08 
behind the intestinal bifurcation. Testes widei- than long, one behind the 
other in posterior half of hindbody. Testes lobed with im'dian ventral gi-oove 
to accommodate descending uterus and vas deferens. Anteilor testis 0.31-0.41 
by 0.43-0.63; ])osterior 0.35-0.48 by 0.43-0.65. Vas deferens, 0.04-0.09 in diam- 
(‘ter, forms a transv('rse loop anterior to ovary before i)assing posteriad to 
the seminal vesicle. Seminal vesicle 0.12-0.19 in diameter forms a transvei’se 
loop posterior to testes. From the seminal vesicle the ejaculatory duct, 10 
microns in diameter, joins with the iiteims to form a short hermaphrodite duct, 
0.04-0.05 long, which opens medianly in ventral wall of bursa copulatrix. 
There is no genital cone or genital b\db (fig. 3). Opening of bursa copulatrix 


Resriiroli Ei-llow, l)ci)iirtiiu>iit of Zoology, I'nivorsity College of Rhodesia and 
Xyasalnnd, Salisbury, Southern Rhodesia. 

The i)re.sent work was earried out during the tenni’e of a Itesearcdi Fellowship sponsor'd by 
the Nuffield Foundation. The author is indebted to iSfr. S. l^rudhoe of the British iMuseuin 
(Natural History) and Hr. A. ^faar, Henderson Fisheries Researeh Station, Mazoe. Southern 
Rhodesia. 
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Pradltoella rliodcsiensis, ii. geii., ii. sp. 

Fig. 1. Entire. Dorsal view; Fig. 2. Entire. Lateral view; Fig. o. Lateral view 
of bursa copulatrix. 

Cynodiplosto-mum namrui Kuntz and Chandler, 1956. 

Fig. 4. Facial section showing genital cone and bursa copulartrix. 

Bascldcirovltrcma incra.ssaUnn (Diesing, 1850) Skrjabin, 1944. 

Fig. 5. Entire. Ventral view; Fig. 6. Head collar. Ventral view. 

b.c. bnrsa copulatrix; ej.d. ejaculatory duct; h.d. hermaphrodite duct; i.c. in¬ 
testinal caecum; s.v. seminal vesicle; ut. uterus. 
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a trausverso, dorsal slit up to 0.21 in diameter. Ovary smooth, 0.12-0.22 by 
0.17-0.27, situated dorsally, immediately anterior to testes, on right or left 
of body. Oviduct coiled; Laurer’s canal opens dorsally on right or left of 
mid-line. Mehlis’ gland diffuse, lateral to ovary. Ascending limb of uterus, 
coiled initially, extending to posterior region of forebody, descending uterus 
passes, ventral to testes, to the hermaphrodite duct. Vitelline follicles dorsal, 
ventral and lateral, extending from the posterior half of forebody, throughout 
the “holdfast” to the testicular region of the hindbody. Dorsally vitellaria end 
just in front of anterior testis; vontrally the follicles extend to the inter- 
testicular level. Transverse vitelline ducts present between testes; longitudinal 
duct, ventral to anterior testis, maybe distended in the ovarian region to 
form a vitelline reservoir. Eggs pale brown, 98-108 microns by 56-69 microns. 

Hosts; Lutra (Hiidrictis) maculicolUs maculicollh Lichtenstein and Aonyx 
capeiisis capensis (Schinz). 

Location ; Small intestine. 

Locality; Henderson Fisheries Research Station, Mazoe, Southern Rho¬ 
desia. 

Co-TYPKS ; To be deposited in the collection of the British Museum (Natural 
History). 

Nu-Mber Rrcovkreb; 286 specimens from Lntrn 7nncvli.coUis and 4 from 
A n)iyx capciii^ift. 

Discus>SIO.n ; This new genus shows affinities with the genera Alaria 
Schrank, 1788 and En]iyd)-ldi})l(>sto)iiii))i Dubois, 1944, which occur in inuste- 
lids of the New World. Vrudhoclla has no pseudosuckers and is thus separate 
from both the above genera. 

Chandler (.1942) and Chandler and Rausch (1946) suggest that there is no 
sound basis for the division of the family Dijilostomatidae Poirier, 1886 into 
the subfamilies Diplostomatinae Monticelli, 1888, and Alariinae Hall and Wig- 
dor, 1918. Dubois (1938, 1953) recognises both these subfamilies. 

The key given by Dubois (1953) for the separation of the Alariinae from 
the Diplostomatinae is as follows;— 

“Parasites d’Oiseaux. Foil, vitgl. repartis dans les deux segni. du corps ou 
contines dans le segm. post. Org. trib. petit ii moyen, s’ouvrant genermt. par 

line fente mediane_Diplostomatinae 

Parasites de Mammiferes. Poll, vitgl. confines ou tendant a se coufiner dans le 
segm. ant. Org. trib. se developpant jusqu’ a I’hypertrophie et le massivete, 
avec occlusion (la fente se reduisant souvt. a un sillon mMian) _Alariinae” 

The present genus, on the basis of the distribution of the' vitellaria, should, 
therefore, belong to the subfamily Diplostomatinae but, as it occurs in mam¬ 
mals it can equally well be phn-ed in the Alariinae. Chandler and Rausch 
(1946) point out similar anomalies in the genera Fibrimla Dubois, 1932 and 
Alaria Schrank, 1788 to demonstrate the artificiality of using the distribution 
of the vitellaria and adajitation to mammals as criteria for the separation of 
the subfamily Alariinae. 

It is suggested that the concept of the subfamilies Diplostomatinae and 
Alariinae, as recognisi'd by Dubois (1938, 1953), is not tenable, and, in agree¬ 
ment with Chandler and Rausch (1946), the subfamily Alariinae should be 
supressed. 

CynodiploAomam iiaairai Kuntz and Chandler, 1956. 

Description ; Body 1.05-1.59 long by 0.46-0.66. Forobody 0.63-0.92 long, 
not clearly demarcated from hindbody, 0.41-0.67 long. Oral sucker 0.08-0.09 
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long- by 0.08-0.11; ph;iryii.\ 0.07-0.08 by 0.06-0.07; oosophagus absent; in¬ 
testinal caeca extend to level of bursa copulatrix. Pseudo-suckers 0.06-0.09 in 
dianu'ter. Ventral sucker 0.07-0.09 by 0.10-0.12, situated 0.25-0.46 from an¬ 
terior margin of body. “Holdfast” oval 0.25-0.28 by 0.17-0.19. Anterior testis 
oval, 0.17-0.19 long by 0.15-0.22, situated in anterior part of hindbody on 
light or left side, partly dorsal to posterior testis. Posterior testis bilobed; 
each lobe 0.19-0.26 long by 0.12-0.20; lobes connected by narrow, dorsal isth¬ 
mus. Seminal vesicle voluminous, coiled, up to 0.09 in diameter, dorsal to 
posterior testis. Ejaculatory duct joins with uteims to form hermaphrodite 
duct which crossi's the genital cone (fig. 4). Ovaiw oval, 0.07-0.10 by 0.11-0.12. 
situated in anterior region of hindbody. Mehlis’ gland dorsal, posterior to 
ovary. Lanrcr’s canal o|)ens doi-sally at level of i\tehlis’ gland. Uterus runs 
forward between ovary and anteilor testis to anterior margin of hindbody. 
then posteriad to genital cone. Genital cone with thick, muscular walls ))ro- 
ti’udcs into lumen of bursa copulatrix from ventral side. Bursa copulatrix 
o])ens to exterior by subterminal poi'e. A’’itelline follicles confined to posterioi" 
region of forebody. Ti'ansverse vitelline ducts meet medianly to form a vitel¬ 
line reservoir situated just inside the hindbody. Eggs few, up to 17 in num¬ 
ber, 102-116 microns by 53-67 microns. 

Host: Lutrd {Hi/clric1is) iiiaciilirollis an/cabV'o///.s' Liehbmstein. 

L()('.\ti()\ : Small intestine. 

IvOO.M.iTv: Henderson Eishcries R(‘seai'ch Station, Alazoe, Southern Rho¬ 
desia. 

XuAiiiKH Rkcovkked: 24 si)ecimens fi'om a single host. 

Discrssiox: Cjfnodiplo^todunn naviriii was descidbed by Kuntz and Chan¬ 
dler (1956) from cats and dogs in Egypt. The ])i'esent material is slightly 
larger than the type material so that a brief re-description has been included. 
C. )i(n)iriii has not previously becm recorded from a mustelid and is a new 
recoi'd for Southern Rhodesia. 

BdficliJxiroritrcdKi ivcrassaliii)i (Diesing, 1850) Skrjal)in, 1944. 

Dkscriptiox : Body (dongate, slender, 12.50-16.55 long by 0.96-1.23 (fig. 5). 
Cuticle spinous anterioily; spines up to 21 microns long. Head collar reni- 
form, 0.51-0.56 diameter with 27 spines (fig. 6). Corner spines; 2 ventral 
groups with 4 sjjines in each, of these 2 are oral in position and 2 aboral; 
lateral aboral spines 123-154 microns long by 35-37 microns, other coimer 
spines 108-140 microns by 28-32 microns. Lateral marginal spines; 2 groups 
with 6 spines in each arranged in a single row; 105-130 microns by 28-32 
microns. Tn any one specimen there is a progressive increase in size from 
lateral spine 1 to lateral spine 6. Dorsal spines 7, arranged in a double row; 
4 oral and 3 aboral; median spine aboral. Oral spines 116-144 microns long, 
aboral spines 109-137 microns by 30-34 microns. Oral sucker 0.19-0.22 l)y 
0.22-0.26; i)repharynx variable, up to 0.12 long; pharynx 0.22-0.29 by 0.12- 
0.21; oeso]ihagus up to 0.87 long; intestinal caeca extend nearly to posterior 
margin of body. A^entral sucker deep, muscular and conspicuous; situated in 
anterior fifth of body; 0.87-1.17 by 0.81-0.95 diameter. Testes elongate, 
smooth or irregular in outline; situated, one behind the other, in anterior half 
of body. Anterior testis 1.12-1.50 by 0.42-0.48; ])osterior testis 1.15-1.40 by 
0.32-0.42. The two vasa deferentia arise from the lateral borders of the testes 
and unite just posterior to the cii-rus sac. Cirrus sac variable in shape and 
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Table I. A eoiiiparison of the incasui-ciiiciits of Baschhirovitrcma incra-Sh-atiii)i as 
given by Braini, 1901 and the present material. 



Braun (1901). 

Present Material. 

Body length 

7-19 

12.50-16.55 

Xuinbor of liead spines 

27 

27 

Corner spines 

104 X 31m 

108-154 X 28-37m 

Lateral spines 

02 X 15m (smallest) 

105-130 X 28-32m 

Dorsal spines 

83-93 X 21m 

109-144 X 30-34m 

Oral sueker: length 

0.1(56-0.25 

0.19-0.22 

Oral sucker: diameter 

0.187-0.208 

0.22-0.26 

Ventral sueker; length 


0.87-1.17 

Ventral sueker: diameter 

1.0 

0.81-0.95 

Pharynx: diameter 

0.073-0.083 

0.12-0.21 

Testes: length 

1.0 

1.12-1.50 

Testes: diameter 

0.4 

0.32-0.48 

Ovary: length 

0.33 

0.32-0.39 

Ovary: diameter 

0.2(5() 

0.32-0.37 

Eggs: 

104 X 73m 

108-123 X 54-6'2m 


size, 0.48-1.43 by 0.24-0.29; filled by internal vesieula seininalis. Cirrus un¬ 
armed, up to 2.86 long. Ovary rounded, 0.32-0.39 by 0.32-0.37. Melilis’ gland 
diffuse, posterior to ovary. Utei'us with short deseending’ eoil; aseending uterus 
forms transverse intereaeeal slings between ovary and ventral sueker. Initial 
eoils of uterus funetion as a I'eeeptaeulum seminis. Metraterm opens at eom- 
mon genital [)ore situated just anterior to ventral sueker. Vitelline follicles 
extend from ovailan region to posterior margin of body, filling all available 
space behind testes. Transverse vitelline ducts unite behind ovary to form a 
small triangular reservoir. Eggs 108-123 mici’ons by o4-62 microns. 

Hosts: Aomi.r capeufiis (Schinz) and Ijitra iHiiclrictis) witciiU- 

collis maculicollis Lichtenstein. 

Loc.vtiox : Small intestine. 

Loo.vlttv ; TTendei'son Fisheries Eeseai'cb Station, Mazoe, Southern Lbo- 
desia. 

XuMUKU Rkcovkrkt) : 92 specimens from Aoniix capcui < if < and 8 from T.idra 
vuicidieoUif^. 

Hrcussrox : Accoi'ding to Skrjabin (1956) the genus Baxchkirorilnnno, 
rvas erected by Ski’jabin in 1944 to accommodate a single species, ErhinofAo- 
•mum- i)icraf^sat)n)i (Diesing, 1850) Stossicb, 1892. In the generic, diagnosis 
given by Ski'jabin (1956) the bead spines are described as being arranged in 
a single row. In the present material the spiiu's of the lateral series do not 
alternate but the spines of the dorsal group arc' arranged in a double row. 

Braun (1901) dc'scribed Diesing, 1850 from Lutru hrasiliensis 

and this dc'scription has been reproduced by Ski'jabin (1956). The present 
material agrec's with that described by Braun (1901) except that the head 
spines are larger (Table 1). From the figure given bv Braun (1901) it would 
appear that the bead spine's wc're not all observed in profile and some of the 
measurements may have been carried out on sjiines that were foreshortened. 

B. incrassatin)i has not previously been recordc'd from Aoiiipi: capevsis or 
Lutra maculieoUfx and is a new record for Southern Rhodesia. 


SuH^r.-viiY 

A new Strigc'id, Pnidhoelhi rhoflrsicnsifi: n.gen., n.sp., from Rhodesian otters 
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is described. The validity of the subfamily Alariinae Hall and Wigdor, 1918 

is discussed. 

Redeseriptions of Cynodiplostomum namnii Kuntz and Chandler, 1956 and 

Basclikirovitrenia iiicraftsatnm (Diesing, 1850) Skrjabin, 1944 are given. 
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The Systematic Position of the Genus Dihemistephanus Looss, 
1901 (Trematoda: Digenea), with the Redescription of D. lydiae 
(Stossich, 1896) from the South Pacific* 

Lewis E. Picters*"’' 

Looss (1901) erected the gcmus Dihemistephanus to include D. lydiae from 
the ocean sunttsh, Mola mala, in European waters. Stossich (1896) had re¬ 
garded the trematode as an echinostome and Looss mentioned its resemblance 
to Ee.hmostoma and StephauDchasuius {•=Stephanostomum.). Poche (1926) 
assigned Dihemisiephaniis to the Family Acanthocolpidae, where it has since 
remained. 

Little (1930) described as Dihemistephanus sturionis a trematode from the 
stui'geon, Aeipeuser st)irio, and characterized the genus, but more on the 
basis of D. sturioiiis than the tvpe, D. lydiae^ as pointed out by Cable (1952). 
Because D. sturionis resembled certain other trematodes from sturgeons more 
than D. hpliae^ Cable erected for D. sturionis the genus Pristieola and assigned 
it to the Subfamily Deropristiinae which had been proposed for the Family 
Lepocreadiidae by Cable and Hunninen (1942). Caballero (1950) ti’ansferred 
D. hrachyderus Manter to tlie genus Manteria, leaving T). lydiae as the only 
species of Dihemistephanus. The writer’s observations on that species show 
that Yamaguti (1958) was in error in making Manteria a subgenus of 
Dihemistephanus. 


■•' A contritmtioii from tlie Department of Bioloaieal Sciences, Purdue University, l.afayette, 
Indiana. Part of a Ph.D. tlicsis j)repared nndt'r tlie direction of Professor R. M. Cable. 

■• ‘•'Present address, Department of P>ioloK.v. Wisconsin State Colle.g'e, I.aCrosse, Wis. 
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Looss (1901) figured only the anterior end of D. Ifjdiac hut described other 
features that provide i^ositive identification of its genus. Especially signifi¬ 
cant is a peculiar lobe overhanging the genital pore and of a type reported 
for no other trematode. In translation, he described an “oblique pad-like 
thickening of the cuticle . . . (with) a quantity of rod-like structures with 
their points appearing a little out of the cuticle, Avhich reniind one of head 
spines in their form and appearance. Whether they actually represent spine 
formations or something else I was not able to determine . . .” Looss’ 
description leaves no doubt that precisely the same ty])e of lobe occurs in 
specimens collected from Mala mala by Mr. R. V. Brundson, Victoria Uni¬ 
versity, Wellington, N. Z. They were given to Prof. II. W. Manter who 
kindly provided the writer with 10 stained Avholemounts and permitted tAVo 
to be sectioned. As given in a preliminary abstract (Peters, 1958), it is 
evident from this matei'ial that Dihemistephanns is not an acanthocolpid. 
FolloAviug is a revised diagnosis of the genus: 

DiJirniisfrphanut^ Looss, 1901, cJuir. 

Distomes Avith prominent cuticular spines, lateral and dorsal ones in a 
feAv roAvs near anterior end enlarged but not forming a distinct collar oi' 
(‘orona ; ventral lip of mouth Avith smaller spines separated from enlarged 
ones on each side and followed by a short zone of very small spines or none. 
Cercarial eyespot pigment diffuse. Prepharynx, lAharynx and esophagus 
present; intestinal bifurcation Avell anterior to Aumtral sucker, ceea end 
blindly near lAOsterior end of body. Genital pore median to submedian, 
close to antei’ior margin of ventral sucker, Avith overhanging lobe bearing 
cuticular pits containing slender structures resembling sensory processes. 
Cirrus sac Avith smooth (‘?) or tuberculated cirrus, prominent subspherical 
pars prostatica and internal seminal vesicle; external seminal vesicle and 
prostate cells posterior to cirrus sac; prostatic ducts coiwerge at neck be¬ 
tween seminal vesicles to enter cirrus sac, pass around internal seminal 
vesicle and join pars prostatica. Testes two, tandem, in posterior region of 
body. OAnry pretesticular, median or submedian; seminal receptacle large, 
Laurer’s canal present. Yitellaila extensive, Avith small follicles in lateral 
fields throughout hindbody, sometimes extending a short distance into fore- 
hody. Utei'us intercecal, betAveen anterior testis or ovary and genital pore; 
metraterm prominent. Eggs numerous, of medium size, Avithout filaments. 
Excretory vesicle tubular to saccate, Avith pore near posterior end of body. 
T_\'pe and only species, Dihemi « f (’ ph ( t)nts li/rlide (Stossich, 1896) Looss, 1901, 
from the ocean sunhsh, MoJa niola. 

Although the NeAv Zealand material is undoubtedly congeneric Avith 7L 
Ifldiar, it diffei’s from that species as described by Looss (1901) in having a 
much longer cirrus sac and a tuberculated rather than smooth cirrus. HoAvever, 
Dollfus (personal communication) has obtained from Prof. Manter part of 
the material studied by the Avriter and has found that it is in agreement 
Avith specimens of J). h/diae from the coast of Prance. The occurrence of that 
species thus may Avell correspond Avith the range of Mala mala, a Avidely 
distributed oceanic fish. The folloAving description is based on the New Zea¬ 
land material (all measurements are in millimeters) : 


Copyright © 2011, The Helminthological Society of Washington 



136 


PROCEEDINGS OF THE 


[VoL. 27, No. 2 


Dihemistephanus lydiae (Figures 1-6) 

With the characters of the genus as emended above. Body 3.75-5.20 long, 
0.83-1.04 in maximum width at about level of hindbody. iVnterior end bluntly 
rounded to pointed; forebody narrow, 1.11-1.50 long. Cutieular spines 
gradually diminishing in size and number posteriorly, a few scattered almost 
to posterior end; spines at midlevel of forebody about 0.040 long, de¬ 
creasing somewhat in size anteriorly but enlarging again at level of oral 
sucker to form an indistinct corona of two or three rows interrupted 
ventrally; dorsal lip of oral sucker with several rows of very small spines, 
venti-al lip with about 18 spines in 2 indistinct rows followed by a zone of very 
small spines and then the abniptly enlarged ones of the cervical region. 
Ventral sucker 0.21-0.29 by 0.25-0.34, its lining with small spines. Oral sucker 
siibtei-minal, spherical to pyriform, 0.23-0.27 by 0.23-0.30. Prepharynx 0.04- 
0.21 long; pharynx cylindrical, 0.20-0.26 by 0.13-0.18; esophagus 0.17-0.43 
long; ceca smooth or slightly indented near bifurcation. Excretory bladder 
tiibular, extending to midlevel of external seminal vesicle, dorsal and displaced 
somewhat laterally in I’cgion of testes; its epithelial lining with small pro¬ 
jections, especially in post(‘rior region. Excretory pore in small posterodorsal 
invagination, from which a narrow muscular duct with sphinctor extends to 
bladder. Genital pore slightly sinistral, a transverse slit when closed, its over¬ 
hanging lobe with structure in sagittal section shown in Figmre 6; genital 
atriiun short. Testes in posterior two-fifths of body, smooth to moderately 
indented; anterior testis 0.32-0.53 by 0.36-0.65, posterioi' 0.47-0.69 by 0.33- 
0.61. External seminal vesicle sinuoiis, hibular, covered dorsally and ventrally 
by numerous prostate cells; cirrus sac 0.73-1.07 by 0.26-0.30, ending about 
midway between ventral sucker and ovary or distinctly posterior to that level; 
internal seminal vesicle short and wide, concave anteriorly at junction with 
pars prostatica; ejaculatory duct long, ciri'us with blunt papillae. Ovary post- 
equatorial, to light of midline, entire or slightly indented, 0.16-0.33 in 
dianu'ter. Oviduct enlarges to form fertilization chamber into which seminal 
receptacle, Laurer’s canal, and vitelline reservoii’ open sepai'ately. Seminal 
receptacle doi’sal, overlapping ovary and anterior testis. Pore of Laurer’s 
canal on dorsal surface somewhat to left of midline neai’ )U)sterior edge of 
seminal receptacle. Vitelline reservoir between ovary and seminal receptacle; 
vitelline follicles in lateral fields overlapping ceca dorsally and ventrally from 
near posterior end of bodv almost to intestinal bifurcation, confluent ]iosterior 
to testes and anterior to genital pore. Mehlis’ gland well developed. Uterine 
coils fill most of intercecal s])ace from ovarian level almost to genital pore; 
metraterm loops to right anterior to gcmital pore, thus entei'ing forebody 
before joining genital atrium. Eggs numeroiis, undeveloped, 0.063-0.077 bv 
0.031-0.046. 

PLATE T 

Dilionistephanns lytliar. Figures l-Il, 6 drawn by niicropro.jection; 4-5 by re¬ 
construction fi'oin sections. Abbreviations: ci, cirrus; c.'.-i', external seminal vesicle; 
fe, fertilization chamber; i-sv, internal seminal vesicle; Ic, Lanrer's canal; mr-, 
metraterm; my, Mehlis’ gland; or, ovary; py, prostr.-ite gdand; pp, pars prostatica; 
ar, .veminal rec('i)taclc; vr, 'i.'itcdline reservoir. 

Fig. 1. Ilypotypo, ventral view. 

Fig. 2. Anterior end, dorsal view. 

Fig. 3. Same, ventral view. 

Fig. 4. Female complex. 

Fig. 5. Terminal genitalia. 

Fig. 6. Lobe overlianging genital ]iore, sjigittal section. 
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Hypotype : whole mount and sectioned specimen, No. 39418, Helminth. 
Coll., U. S. Nat. Mus. 

According to Dollfus (personal communication), Stenocolliim fragile (Lin¬ 
ton, 1900) and an adult trematode included with some acanthoeolpid meta- 
eercariae under Stephanostommn valde-inflatnm (Stossieh) by Linton (1940) 
are the same as Dihemistephamis lydiae. Tliat material is from Mola mola but 
otherwise is too poorly known to be positively identified. 

Two features of Dihemistephauus are of special significance to its family 
status: the independent rather than uterine seminal receptacle; and the ex¬ 
ternal seminal vesicle and prostate cells. They are not characters of the 
Aeanthocolpidae, the family to which the genus has heretofore been assigned, 
but instead occur commonly in trematodes of the Family Lepocreadiidae. 
Furthermore, the bulbous pars prostatica, diffuse eyespot pigment and elon¬ 
gated excretory vesicle are more like the lepocreadiids than the acantho- 
colpids. The genus DiJiemistephanns accordingly is transferred to the Sub¬ 
family Lepocreadiinae of the Family Lepocreadiidae as defined by Cable and 
Hunninen (1942). 

Summary 

Diagnosis of the genus Dihevtistephairus is emended and D. lydiae, the type 
and only species, is redescribed from New Zealand material. Because it has 
an independent seminal receptacle, external seminal vesicle and other features 
that exclude it from the Aeanthocolpidae, the genus is transferred to the 
Subfamily Lepocreadiinae, Family Lepocreadiidae. 
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Some Chemotherapeutic Trials in Canine Demodectic Mange 

M. L. CouiLAZiER, F. D. E-N'zie, and E. II. AVilkens 

Animal Disoa.se ami Parasite Keseareh Division, Agricnltnral Research 
Service, Beltsville, Maryland 

Demodectic mange is one of the more difficult problems with which pet 
owners and small animal practitioners must contend. Treatment is tedious 
and results are freqmmtly disappointing. Despite a wide selection of agents 
for specific medication, none is an established, reliable, or certain cure. Among 
materials that have been used with some success are lindane, chlordane, benzyl 
benzoate, rotenone, trypan blue, and chaulmoogra oil. AA^ith the (!Xception of 
trypan blue, which is given by intravenous injection, these agents are, applied 
topically or by wash once or twice weekly for 3 or 4 applications, or for 
several weeks if necessary. 

Successes with certain systemic agents against cattle grubs led logically to 
the testing of these agents in other parasitisms, including demodectic mange. 
Gaafar and McDonald (1957) reported successful treatment of 8 clinical 
cases with a formulation containing 3 percent ronnel, applied twice weekly 
by wash for 6 to 8 weeks. There was complete remission of lesions and no 
mites could be demonstrated in skin scrapings. Later examinations, however, 
apparently were not made. Koutz (1957), on the other hand, obtained un¬ 
satisfactory results from the systemic use of ronnel. Dogs were given 100 
mg./kg. of body weight orally and bathed, concurrently, in a 2 pcu-cent emul¬ 
sion of the chemical. The regimen was followed twice a week for 10 weeks. 
Improvement was noted at the end of the ti-eatment i)eriod although some 
lesions pei-sisted, with eventual recurrence to approximately pre-treatment 
levels within 8 months. Sanger (1958) reportedly cured one dog with com¬ 
bined systemic (6 orally) and topical treatment (7 applications of 5 percent 
solution) followed by two applications of selenium sulfate. 

These reports, together with unpublished experiences related to us by other 
workers, prompted us to summarize our findings in the experimental treat¬ 
ment of Donodex cauis with ronnel,''' Bayer 21/199*'"', dimethoatet, and 
Conteben, Bayertt, an unrelated chemical reported by da Grana and De 
Marzoratti (1955) and Guilhon and Petit (1958) to have action against this 
parasite. The results of our trials are the basis for this report. 

Procedure 

The hair coat of all dogs was clipped as closely as possible before treatment 
^\as initiated. This was done to allow closer inspection of the lesions, to 
evaluate better the progress under treatment, and, in topical applications, to 
facilitate medication and to conserve materials. Animals receiving the topical 
applications were given a soap and water bath, rinsed thoroughly, and dried. 
As a precaution against irritation from materials applied by wash, mineral 
oil was instilled into the conjunctival sac. Oral doses wei'e given in hard 
gelatin capsules, and dimethoate (50 percent parenteral solution) was given 

■•'■Ronnel (0,0-diinethyl 0-2,4,5-ti'i('liloroi)lienyl pliospliorotliioate) [Dow ET-57]; Dow 
Chemical Compiiny, Midland, Michigan. 

**B!iyer 21/199 (3-chloro-4-niethylnnibelliferone 0,0-diethylthiophosphate) [Co-Ral]; Chein- 
agro Corporation, New York, New York. 

tDimethoate (0,0-dimethyl S-(N-niethylcarhamoyl-methyl) phosphorodithioate) [American Cy- 
anamid CT, 12880 | ; American Cyanamid Company, Pearl River, New York. 

ttConteben, Bayer (4-acetylaminoben7,al thiosemicarba/.one) [Tibione] ; Schenlcy E.abora- 
tories, Inc., New York, New York. 
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intramuscularly. The animals were maintained, for the most part, on a 
balanced ration of commercial dog pellets; this was augmented occasionally 
with fresh meat and Liprotein (Upjohn), a commercial dietary supplement. 
All animals were confined in individual pens throughout the period of 
treatment. After apparent clinical recovery, however, four litter mate terriers 
occupied a common run before recurrence of lesions was noted. 


Results 

The results are summarized in table 1. 

Roxnel: The first trial was with dog 726, a si.x-months-old male terrior, on 
October 29, 1956. After preparation for treatment, the dog was bathed in 
a 0.25 percent aqueous suspension prepared from a 25 percent wettable 
powder. Lesions were thoroughly massaged with the wash; and after treat¬ 
ment was completed, the dog was dried and returned to its pen. This regimen 
was repeated weekly for 3 weeks, but there was no apparent improvement. 
Consequently, the concentration of tlie wash was increased to 2 percent and 
the external medication augmented with concomitant, weekly, oral doses of the 
chemical at the rate of 100 mg./kg. of body weight. This regimen was 
followed for 3 additional weeks; at the end of this period, lesions were healed 
and no mites could be demonstrated. The animal was then given 2 weekly 
baths with a proprietary selenium prepai'ation’■*" and, one week later, a 
thorough massage with olive oil. This dog has remained free of lesions 
and mites for more than 2 years. 

Three litter mate terrier pups with marked and extensive lesions of 
demodectic mange were used for additional tests. Because of the favoi-able 
response in the previous trial, it seemed desirable to confirm the result and to 
Investigate, in a limited way, the mode of action of the chemical. In one case 
the chemical was given orally, in another by wash, and in a third by both 
routes and in similar amounts. Treatment was repeated at weekly intervals. 

Dog 748 was given 100 mg./kg. of body weight orally, but there was no 
improvement after 3 doses. The lesions, in fad, became progressively more 
marked and the mites more plentiful. The oral dosing was then supple¬ 
mented by washing in a 2 percent aqueous suspension of the chemical, and 
this regimen was continued for 8 consecutive weeks. There' was progressive 
improvement with remission of lesions and disappearance of mites; a relapse 
occurred, however, 5 months later. 

Dog 747 was given a 2 percent aqueous wash for 6 successive weeks. There 
was remission of lesions and disappearance of mites at the end of this period. 
Eight months later, howevei-, lesions and mites reappeared on this animal. 

Dog 746 (Fig. 1) was given internal and external medication concomitantly 
and showed gradual improvement with remission of lesions and disappear¬ 
ance of mites by the end of the sixth week. Lesions and mites also rc'appeared 
on this animal, however, after a lapse of 3 months. 

In a subsequent trial, this animal was washed with 2 percent ronnel (pre¬ 
pared from a purified form of the chemical) in a vehicle (emulsifiable base) 
developed b^^ Du Toit and Fii'dler (1956) for use in the treatment of nose 
hots of sheep. The formulation produced an intc'nse dermal reaction, however, 
and the preparation was abandoned after 1 application. One week later, 
the 2 percent aqueous suspension described previously was applied twice 
weekly in conjunction with an oral dosage of 100 mg./kg. once a week. After 

• Solopii (.M)l)ott I.iiljorjiforios, Xortli Oliicatro, III.) 


Copyright © 2011, The Helminthological Society of Washington 



TABLE 1. Data on treatment of Demodex canis in dogs -with ronnel, Bayer 21/199, dimetlioate, and Conteben, Bayer. 


July, 1960 


HELMINTHOLOGICAL SOCIETY 


141 



t Used previously as dog 749. a.s. = aqueous suspension l).i.d. = twice daily 

+ Used previously as dog 747. w.p. — wettable powder eimil. = emulsion 

V) Used previously as dog 806. i.m. = intramuscularly 

■■■■ See text. 
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6 weeks on this regimen, there was a remission of lesions. The regrowtli of 
hair and the tonus of skin were good, and the mangy odor had disappeared. 
Mites could not be demonstrated in scrapings. Skin lesions were again 
positive for mites, however, 13 months later. 

Dog 753, a litter mate of 746, 747, and 748, was v/ashed with an emulsion 
containing 2 percent ronnel (jirepared from M-858*, a 25 percent emulsitiable 
solution). The formulation produced an intense dermal reaction, howevc!', 
and was abandoned after 1 application. One week later, the dog was startc'd 
on a weekly^ regimen of internal and e.xternal medication. The 2 peicent 
acpieous suspension was applied by wash and a dose of 100 mg./kg. was 
given in capsules. After 6 weeks, there was remission of lesions and no mites 
could be demonstrated in skin scrapings. Mites and lesions recurred, how¬ 
ever, 6 months later. This animal was used previously^ in trials with 
Conteben, Bay’cr (see dog 749). 

Dog 795, a privately^-owned, y-ear-old, female German Shepherd with 
demodectic mange, was referred to the laboratoiy for experimental treatment. 
After the usual preparation, she was started on a twice-weekly regimen of 
100 mg./kg. in caiisules and 2 percent aqueous suspension applied by wash. 
The sixth treatment was skipjoed because of inclement weather. On the 
seventh treatment occasion, the dog was bathed in a proprietary selenium 
preparation because of an excessive accumulation of scurf. Treatment with 
ronnel was resumed the following week and continued for 3 weeks. The 
response was not encouraging, however, and no further treatment with ronnel 
was given. Because the scurf persisted, the dog was bathed twice with the 
selenium preparation and massaged once with olive oil during the next 2 
weeks. Although healing of lesions was not complete at this time, no mites 
could be demonstrated in skin scrapings. The dog was given a final bath in 
the selenium preparation and returned to the owner. 

About 8 months later, the; owner reported that no lesions weri; evident 
and the dog was in excelhmt condition. A small lesion had appeared on the 
thorax about 5 months earlier, but it responded promptly to topical applica¬ 
tions of a proprietary rotenone preparation and no fui’ther evidence of mange 
has been observed. 

Bayer 21/199. This chemical was used unsuccessfully in 3 trials with 
dog 806. Afj[ueous suspensions of 0.5, 0.75, and 1.0 percent, respectively^ wei'e 
applied weekly by^ wash for successive 3-week periods. Lesions persisted 
and mites were demonstrable at the conclusion of each series of treatments. 
This animal had been used previously in trials with ronnel (see dog 747). 

Dimethoate. This chemical (50 percent solution) was ineffective in 2 
trials with dog 814. A single intramuscular injection at the rate of 25 
mg./kg. of body’ weight had no ajyparent effect on mites or lesions during 
a posttreatment observation of 5 weeks. A similar dose was then given for 
3 consecutive days; but after 1 week, mites were still demonstrable in 
scrapings from active lesions. This animal was used previously in trials with 
ronnel and Bay^er 21/199 (see dogs 747 and 806). 

Covteben, Bayer. This chemical showed no promise in trials with dog 
749. A dosage of 25 mg./kg. was given in caj)sules daily for 42 consecutive 
days, but progressive development of lesions continued. A similar dosage 
was then given twice daily' for 7 additional days. No improvement occurred, 
and skin scrapings revealed many, apparently normal, mites. 


*])ow Cheiiiicjil Comp-my. 
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Discussion 

In most cases the animals used in these trials were suffering' from severe, 
suiiiinrative demodectic mange. Jlites were plentiful and easily demonstrated 
(Fig. 2). 

Ronnel was the only chemical that showed promise of effective action 
against the follicular mite. A 2 percent aqueous suspensiorq aijplied by wash 
at wi'ekly or semiwc'ekly intervals, usually resulted in remission of lesions 
and disapiiearancc' of mites after 3 to 8 weeks. At this time there was 
normal hair growth and skin tonus, and there was little or no characteristic 
mangy odor. Clinical recovery had apparently been effected. In most cases, 
however, lesions recuri'ed and mites were again demonstrable 3 to 13 
months later. 

Oral doses alone were ineffective, and they did not aiipear to hasten re¬ 
covery whim givmi in conjunction with external applications of the 2 percent 
a((ueous suspension. The latter was well tolerated, hut emulsions containing 
a comparable coiuamtration of th(“ (‘hemical produced marked dermal re- 



Figurc 1. Dog 746. A, before treatment witli ronnel. E, three months later. 
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actions. It was not detcnnined whether this reaction was ascribahle solely to 
the vehicle or diluent, but it should be noted that Koutz (19o7) apparently 
did not observe dermal reactions in dogs that were bathed in a 2 percent 
emulsion prepared from Trolene M-947, a 50 percent weight/weight emulsi- 
fiable formnlation. 

The favorable action of ronnel against 71. canis in the trials described 
herein is in agreement with similar observations by other investigators— 
Gaafar and McDonald (1957) and Sanger (1958). The recurrence of lesions 
and mites in most cases, however, confirms similar findings by Koutz (1957) 
and shoAvs the need for an adequate posttreatment observation period. 

The organophosphorus compounds Bayer 21/199 and dimethoate showed 
no promise of effective action against follicular mites in our trials; and 
Conteben, Bayer, an unrelated semicarbazone, showed no action although 
given in doses substantially larger than those r<‘ported to be effective 
{loc. cit.). 

Sum .MARY 

A 2 percent aqueous suspension of ronnel, applied by wash at weekly or 
semiweekly intervals for 3 to 8 Aveeks, showed promise of effective action 
against Demode.r canis. In most cases, however, there was recurrence of 
lesions and mites from 3 to 13 months later. Oral doses of the chemical 
Avere ineffective, and they showed no favorable influence on the course of 
treatment Avhen given concurrently with the aqueous sus]Aension. 

Bayer 21/199, dimethoate, and Conteben, Bayer were ineffective in limited 
trials. 
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Three New Genera of Trematodes from Pacific Sea Serpents, 
Laticnuda colubrina and L. semifasciata'' 

Wii.inAAi 11. Coil®* and Robert E. Ki’ntz*** 

The U. S. Naval Expedition to l^an Yii Island spent two weeks on this little- 
known island Avhich lies appi’oxiiuately 45 miles east of the southern tip of 
Taiwan. This island eanles a number of different names: Oi'chid Island, 
Hotel Tobago, Koto-sho (dapaiu'se) and Lan Vii ((ffiinese). The expedition 
Avas organized to permit medical studies of the Vami tribe of aborigines and 
to make investigations on the parasites of man and animals on the island. 
This is a continuation of the geomedical and biological studies by the V. R. 
Naval Medical Research Unit No. 2 on Taiwan and countries of southeast Asia. 

The present papei- is the first of a series based on the collection of helminths 
obtained by tin* examination of vertelirate hosts on Lan Yii in March of 1959. 

Reptiles of the genus Latiramla spend time on land where they deposit 
their eggs. In the Avat(>r, they are reported to feed on eels and other fish 
(Taylor, 1922). The hosts examined here were captured by the aborigines 
from holes in dead coral above the Avater line. One of us (R.E.K.) has ob¬ 
served that these snakes Avill move inland, espc'cially at night, and they have 
been seen feeding along fresh-Avater streams in the Ncav Hebrides and Solo¬ 
mon Islands. There can be no doubt that they have available a variety of 
animals Avhich might serve as intermediate hosts of trematodes. 

IMateriai.s and Methods 

Most of the reptiles Avere captured alive and Avere examined soon after 
death. A feAv taken during the last two days on the island Avere returned 
alive to the laboi'atory in Taipei for examination. The viscera Avere removed 
and each system Avas examim'd separately Avith the aid of a dissecting micro¬ 
scope during and after maceration of tissue Avith splinter forceps and scissors. 
Additional examinations Avere made after tissues had been shaken in a capped 
bottle Avith several changes of fresh Avater. 

■ Tli(“ oi)inioiis and assertions (-ontained lierein are tliose of the iintliors and are not to ho 
construe:! as otiieial or reHeetin;; tlie views of the Navy Department. Studies from tlie De- 
I)artinent of Zoology, No. 320. 

■ *I’niversity of Nebraska and consultant in i)arasitolo,U'y for N.AAIUH No. 2 

***H. S. Naval Medical Ivcseareh I'nit No. 2, Taipei, Taiwan. Alailing- address: -APO 63, 
San Erancisco, California, 
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Trematodes were killed by quick immersion into hot water and then trans¬ 
ferred to stender dishes with FAA (formalin-acetic acid-alcohol) for fixation. 
After 5 to 15 hours the helminths were transferred to vials with 70 i)erc(‘nt 
alcohol plus 2 percent glycerine. Whole mounts were made by the use of 
Harris’ haematoxjdin or Semichon’s carmine, terpineol, xjdtme, or metliy] 
salicylate and piccolyte. All measurements are in millimeters. 

The authoi's are indebted to G. M. Malakatis DM1, USN and James E. 
Reese HMl, USN of NAMRU 2 for assistance in procurtmient and examina¬ 
tion of hosts. Dr. Robert F. Inger, Curator of Reptiles, Chicago Natural His¬ 
tory Museum, has kindly provided identifications for the reptiles, Mr. E. S. 
Robinson helped ink some of the drawings. 

Family Acanthocoi.pidab Luhi;, 1909 

Two trematodes were found parasitizing the sea. snake, Latiemicla cohibriiia, 
collected on Lan Yii Island. Both specimens are mature'; the one has only a 
few eggs and the other has sevei'al. In both, the cuticular spines appear to be 
intact; however, in one it is plain from the condition of the tissues that the 
animal is not in the best condition. Both specimens were sulficient for study. 

This trematode fits best in the Acanthocolpinae Luhe, 1906, but it differs 
significantly from the genera. Acanthocolpus Llihe, 1906 and Tormopsolus 
Poche, 1926. 

OphiotremmoideSy n. gen. 

Diagnosis: with the characters of the family Acanthocolpidae Llihe, 1909. 
Body short, compact, covered with spines. Oral sucker terminal. Cephalic or 
oral spines absent. Prepharynx long and pharynx large. Esophagus very 
short. Ceca extend to posterior end where tliey join bladder to form uroproct. 
Acetabulum well-developed in anterior half of body. Testes diagonal in 
posterior half of body. Cirrus sac small, elongate, extending past post('rior 
margin of acetabulum. Small internal seminal vesicle present. Spines not 
observed on cirrus. Ovary lateral, located about at midbody. No seminal re¬ 
ceptacle observed. Uterine coils preovarian. Metraterm heavy, spines not 
apparent. Eggs comparatively large and thin-shelled. Vitelline follicles fine, 
extending from level of pharynx to posterior end, in lateral fields, dorsal to 
ceca, testes and ovary. Excretory bladder probablj- Y-shaped. 

There are several features which this species holds in common witli other 
acanthocolpids; however, there are several anatomical differences the ])osses- 
sion of which require this group be relegated to generic status. The most 
similar genus to this one is Toniiopsoliis Poche, 1926, but our specimens 
differ by poss(‘ssing an aspinose metraterm and cirrus, testes which are diag¬ 
onal, a body which is compact rather than elongate, and possibly a different 
host group. None of these characteristics alone would serve to give its pos¬ 
sessor generic rank, but collectively they set this gi'oup apart. 

0pliiotrcminoidef^ oricntalifi, n. sp. 

Diagnosis: witli the characters of tlie genus. Distomes of moderate length, 
1.2-1.4, cuticle with heavy spines almost to posterior end, without collar 
spines. Body shape plump or rounded, not elongate. Width 0.41-0.7 at mid¬ 
body. Oral sucker terminal, 0.14-0.16 Avide. Prepharynx 0.085-0.1 long. Phar¬ 
ynx powerful, 0.10-0.1.4 Avide, Avith characteristic shape. Esophagus absent or 
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very short. Coca extend around lateral margins of gonads and join the ex¬ 
cretory bladder posteiiorly and foi'in ui’oi)roct. Acetabulum larger than oral 
sucker, 0.18-0.19 -wide, located 0.30 from oral sucker in anterior half of 
worm. Testes with slightly irregular margin, 0.29-0.34 long arranged in diag¬ 
onal fashion in posterior half of body. Ovary spherical, lateral, just posterior 
to midpoint of worm, 0.102 wide. Vitellaria composed of numerous, small 
follicles distributed through dorsolateral field from level of pharynx to pos¬ 
terior end. Uterus with very few eggs located near end of cirrus sac, mediad 
to ovary. Genital ])ore large, just anterior to acetabulum. Cirrus sac long, 
extending past posterior mai'gin of acetabulum. Internal seminal vesicle pres¬ 
ent. Metraterm pirsent. Eggs 0.060 long by 0.042-0.045 wide. 

Host; Laticauda coluhrina (sea snake). 

1 rAP.iT.\T: Small intestine. 

Locat.ity : Yeh Yu (a small aborigine village on Lan Y’^ii Island). 

Spkciaiens; Holoty[)e in the Helminthological Collection of the U.S.N.M., 
No. 39412. 

EaaHT/Y AcANTHOSTOAriDAE PoCHE, 1926 

Twelve individual trematodes were recovered from three hosts' {Laticauda 
scmifasciata). All except two of these s[)ecimens were in good condition and 
made excellent whole mounts. It was ai)parent fi'om a study of these worms 
that they could not be assigned to any existing genus due to their various 
peculiarities. Our specimens possess characters which are most similar to 
those of the genus Acarithostoiiinin Looss, 1899. 

Atciichoccplnda, n. gen. 

Di.agnosis : with the characters of the family Acanthostomidae Poche, 1926. 
Body moderately elongate. Cuticle aspinose. Anterior end lacking crown of 
si)ines. Oral sucker tei'ininal. Prepharynx lacking and pharynx adjacent to 
oral sucker. Esophagus present. Caeca bifurcate between oral sucker and 
acetabulum and extend to postc'rior end where they open to exterior through 
separate, small pores. Acetabulum relatively large, about one-fourth body 
length from oral suckei’. Testi's in tandem in posterior quarter of body. 
Seminal vesicle extremely long, tubular, convoluted. No copulatory organ 
pr(“sent. Genital pore adjacent and anterior to acetabuulm. Ductus hermaph- 
roditicus short and thin-walled. Ovary slightly lateral just anterior to testes 
and ventral to seminal receptacle. Uterus preovarian with numerous eggs, 
extending into exti'acecal s[)aee. Vitelline, follicles in posterior half of body 
located in field with some follicles in region of gonads. Excretory vesicle 
Y'-shaped with a long stem, bifurcating at level of caecal bifurcation. Rami 
reach to level of oral sucker. Usually a parasite of marine snake. 

Two genera of acanthostomids have been reported from reptiles: Caiman- 
icola Pi'eitas and Lent, 1938 and AcanthoAomum Looss, 1899. It is this latter 
genus that our woi'ins resemble most; however, there are several differences 
which make it mandatory to establish a separate category. The most striking 
of these differences is the absence of a crown of spines around the anterior 
end. In the event that cephalic or oral spines were present, which seems un¬ 
likely since our specimens were in good shape, there are a number of other 
differences which arc' sufficient to reejuire the erection of a new genus. These 
are; 1) an aspinose ('utiele, 2) prepharynx lacking, 3) caeca open to exterior 
some distance from posterior end, 4) uterus extends into extracaecal field, 
5) the excretory bladder bifurcates in the region of the bifurcation of the gut. 
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Ateuvhoceplmla marines, ii. sp. (Figs. 2 and 4) 

Diagnosis: with the charactoi's of the genus. Distoines of moderate size 
with an aspinose cuticle. Cuticle somewhat wrinkled or folded. Body uj) to 
4.9 long' and up to 0.71 at the widest part. Oral sucker slightly subterminal, 
0.22 to 0.31 wide. Prepharynx absent. Pharynx 0.10 to 0.12 wide, located 
on dorsal, postei'ior surface of oral sucker. Esophagus 0.20 to 0.32 long. 
Ceca long, extending near posterior end, 0.17 to 0.25, where they open to the 
exterior through small ani. Walls of ceca of moderate thickness. Testes fre- 
({uently of irregular shape, usually touching or very close together, 0.22 to 
0.29 long, located in posterior cpiarter of body. Cirrus sac lacking. Genital 
pore just anterioi- to acetabulum. Ductus hermaphroditicus extends from geni¬ 
tal pore to a point dorsal to acetabulum where male and female ducts join. 
Numerous gland cells not apparent in this region. Long, sinuous seminal 
vesicle extends from region of acetabulum a short distance posteriorly. Ovary 
0.17 to 0.24 wide, ventral, and a short distance anterior to testis. Scaninal 
receptacle ellipsoidal, doi'sal to ovary. Loops of uterus extend fi'om ovary to 
region of acetabulum overlapping the ceca and dorsal to them. Uterus joins 
ductus hermai)hroditicus dorsal to acetabulum. Excretory bladder a single 
stem to level of gut bifurcation where it divides and I'ami extend to level of 
pharynx and oral sucker. Numei'ous pigment granules in dorsal field in I'egion 
slightly anterior to acetabulum. Vitelline follicles mainly lateral, but extend¬ 
ing mediad in region of testes, located in ])osterior two-fifths of b(jdy extend¬ 
ing almost to ani. Eggs 0.015 to 0.017 by 0.026 to 0.030. 

Host: Laticaiirla seinifa>iciata (sea snake). 

Habitat : Small intestine. 

Locality: Hung Ton and Tung Ching (Villages on Lan Yii Island). 

Type speci-Mens : In the Helminthological Collection of the U.S.N.M., No. 

39414. 

FaAIII.V HE-MIfRIDAR Ll^E, 1901 

A large number of specimens was recovered from the lungs of sea snakes 
collected on the west coast of Lan Yii Island. Eight of thirteen hosts were in¬ 
fected. Parasites in this family are generally found in the intestines of fishes, 
and it is highly unusual to find them in the lungs of reptiles. Thei'e can lie 
no doubt, however, that these worms are in their natural host when one con¬ 
siders the fact that they infest the lungs and that they were found in 8 indi¬ 
vidual hosts. 


PIII 11 ) 0 reruns, n. gen. 

Diagnosis: with the characters of the family Hemiuridae Liilie, 1901. Body 
cylindrical, aspinose, with small ecsoma. Oral sucker subterminal. Pi'ephar- 
ynx absent. Esophagus absent or very short. Ceca bifurcate at pharynx and 
extend to posterior extremity of body. Acetabulum larger than, and located 
close to, oi'al sucker. Testes in tandem in posterior half of worm. Semina? 
vesicle tubular and with a heavy muscular wall extending in a convoluted 
fashion from the testes to the acetabulum. Ductus hermaphroditicus enclosed 
by a muscular layer. Genital jjore just behind ])harynx. Ovary in posterior 
quarter of body posterior to testes. Vitelline gland just posterior to ovary, 
divided into seven unequal lobes.. Uterus with many eggs extending to iDOsteri- 
or region. Excretory rami with a commissure dorsal to oral sucker. Pai'asites 
in lungs of marine snakes. 
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These treiiuitodes possess the ty])ic!il heiniurul struetuves, hut have to be 
placed in a new g'enus due to the possession of a combination of characters 
unknown among the genera now assigned to the Hysterolecithiuae. ddicy are 



Fig. 1. r itlmorcnui.s ('i/anovil (‘Uoskk, ii. goii., ii. sj)., ventral view (llciniui'idae). 

Fig. 2. t.cKvhoc/'pliala '>u(iri)n(,s, n. gen., n. sp., ventral view (Acantliostoinidae). 

Fig. 3. Piilinovfntii.s cyanovlfellosiis, n. gen., n. sp., freehand sket(di from 
sections. 

Fig. 4. Aicurlioccpliala iiuirinus, n. gen., n. sp., lateral view drawn with the aid 
of a camera Incida. 

Fig. 5. Fidmovcrniis (Uianovilcllosiifi, n. gen., n. sp., sketches of posterior end 
sliowing various positions of the ecsonia. 

Fig. 6. Opliiolrcniiiioide.s nricntdli.s, n. gen., n. sp., ventral view (Acantliocol- 
pidae). 
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most similar to the genus Hysteroleritha Linton, 1910. The trematodes studied 
here are different from existing genera by: 1) a veiy elongate body shape; 
2) testes in tandem in the posterior half of the body; 3) absence of an esoph¬ 
agus ; 4) the placement of the acetabulum in close proximity to the oral sucker. 

Puhnovermis cyanovitellosus, n. sp. (Figs. 1, 3, and 5) 

Diagnosis : Avith the characters of the genus. Large, elongate distomes, 
with a cylindrical body. E(‘soma present, but excretory pore subterminal. 
Body length up to 17 mm. (in alcohol) and width at level of acetab¬ 
ulum up to 1.2. Eggs present in specimens as short as 5 mm. Cuticle without 
spines’, but papillated. Oral sucker subterminal, 0.29-0.53 long. Prephaiynx 
absent. Pharynx 0.20-0.30 long. Esophagus absent. Ceca extend to posterior 
extremity. Gut with Aullis-like folds and projections. Acetabulum larger than 
oral sucker, 0.44-0.73 long, located 0.49-0.63 from oral sucker. Testes smooth 
elongate, in posterior half of body, in tandem, frequently in contact, more 
often separated, 0.58-0.97 long. Seminal vesicle long, tubular with heavy, 
muscular wall, up to 0.034 thick. Ovary subspherical in posterior quarter of 
body 0.38-0.58 wide. Vitellaria just posterior to ovary, divided into seven 
unequal lobes, 0.53-0.90 long, appear blue in alcoholic specimens in tungsten 
lamp light. Uterus extensive Avith numerous eggs, extending almost to pos¬ 
terior end. Eggs 0.017-0.023 by 0.010-0.012. Genital pore just posterior to 
pharynx. Ductus herniaphi-oditicus enelosed in muscular pouch open at 
proximal end, extensible for a short distance. 

Host; Jjaticaudn scmifasciata (sea snake). 

Habitat: Lungs. 

Locality: Yeh Yu. 

Specimens : Holotype and paratyiies in the Helminthological Collection of 
the U.S.N.M., No. 39413. 

Yamaguti (1933) reported tAvo species from the sea snake Latieauda lati- 
canda {TTnrmotrpwa latirinidae and Oeftopliarjicola laticaudae). 

It is of some interest to note the host-parasite relationships of the families 
of trematodes I'epresented here. Hemiurids are generally found in the stom¬ 
achs or gall bladders of marine fishes. The presence of several worms, in the 
lungs, in a number of individuals canont be considered accidental as might 
be the case if the Avorms aatit found in the intestine. It seems certain that this 
hemiurid Avas acquired through the reptile’s long association with marine life. 
On the other hand representatives of the Aeanthostomidae are found in both 
fishes and reptiles found associated Avith freshAvater hosts. It would seem 
likely then that the parasite described here {Atenrhocephala marinus) is ae- 
quii’od in terrestrial or freshAvater habitats. The third family represented 
here is the Aeanthocolpidae; a group AA'hich is generally found in marine 
fishes. HoAvever, the presence here of only two barely mature Avorms in the 
sea snake’s intestine ])roves nothing conclusive. It is very possible the reptile 
uAight have, eaten Avell-developed metacei'eariae a few days before the ex¬ 
amination. 
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A Comparison of Leucocytozoon simondi 
in Pekin and Muscovy Ducklings* 

N. Theodore Brigos** 

The genus Leucocytozoon, in eoiunion with other genera of Heiiioproteidae, 
is characterized by the fact that shizogony is confined to the internal organs of 
the vertebrate host, and the only obvious evidences of this process in the 
peripheral circulation are the gainetocytes; the absence of malaria-like pig¬ 
ment in the gainetocytes or the infected cell separates this genus from other 
Hemoproteidae. In summarizing his own and earlier studies on this “malaria¬ 
like” disease of ducks, OMIoke (1994) outlined the life cycle and incriminated 
hlack flies (Family Simuliidae) as vectors' of this sporozoan. Chernin’s 
studies (1952a, 1952h, 1952c) have further characterized the infection in 
pekin ducks in Northern Michigan. Ducks surviving the primary infection 
show gametocytes of two types, round gainetocytes found in enlarged rounded 
host cells and elongate gametocytes found in enlarged fusiform host cells. 
The phenomenon of gametocytic “dimorphism” has been discussed by Huff 
(1942), Cook (1954), Fallis, Davies, and Vickers (1951), and Otto (1958), 
but no completely satisfactory explanation has resulted from the information 
presentely available. 

It is generally agreed that Leucocytozoon infections are restricted to avian 
hosts and Coatney (1997) has compiled a host catalog for the genus which 
has been de.scribed from over 100 avian species. Manwell (1951) has discussed 
the problems associated with the taxonomy of this parasite which in most 
eases is based on a supposed but not demonstrated host specificity. The species 
found in ducks, L. siiiiondi, was described by Mathis and Leger from the teal. 
Since then the host range has been extended to include a wide variety of wild 
ducks and Fallis, Pearson and Bennett (1954) suggested that geese may be 
included among its hosts. The latter workers, howi'ver, have presented experi¬ 
mental and epizootic, evidence that there is some degree of host specificity for 
L. simondi; infections experimentally and naturally transmitted to domestic 
ducks were not acquired by ruffed grouse, chickens, turkeys, and pheasants, 
each of which has been reported ])reviously to be parasitized by its own 
species of Leucocytozoon. 

Although many species of Leucocytozoon have been described, the coui’se of 
primary infections in the avian host have been reported in greatest detail for 
Tj. simondi in the pekin duck. It was of interest, therefore, to compare infec¬ 
tions of L. simondi in muscovy ducks with those in pekin ducks from which 
most of our present knowledge of the vertebrate infections has come. 

M.atert.at.s .\xn Methods 

White pekin ducklings. Anas platyriiynclios, were purchased from a com¬ 
mercial hatcheiy and were kept in blackfly-proof quarters after introduction 
into the enzootic area. Muscovy ducklings, Cairina moschnta, were obtained 
from a local breeder and isolated in the above-mentioned quarters within 
24-48 hours after hatching. Blood smears made on control pekins maintained 
in these quarters failed to reveal any evidence of infection. 

■From the University of ^ticliiaan Bioloeical Station, Chel)oya:iin, Michigan. These studies 
were supported by a grant from the Joseph Henry Fund of the National Academy of Sciences 
to Ur. G. P. Otto. 

The author is indebted to ^Afr. Pi-ed Otto for tc'chnieal assistance dining' the course of this 
work. 

■■'^‘Current address: Uepartment of Microbiology, University of Chicago, Chicago 37, Illinois. 
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Prcliininary work was done to detoriiiine the suitability of a farm site (in 
Cheboygan County, Miehigan) and a lakeside site (at the University of 
Micliigan Biological Station) for exposure of birds to natui’al infection. On 
June 29-30, 1953, approximately a dozen white pekins were exposed to natural 
infection at each of the two sites. Some duckling's were unpenned, but others 
were penned by enclosures either completely surrounded by chicken wire or 
with an opcm top. Eight days later all ducklings wei'c blood positive. Follow¬ 
ing examination of these birds they were left at their respective sites as 
additional sources of infection for the expei'imental ducklings introduced into 
these sites at later dates. 

The experimental ducklings were introduced into these environments when 
2 to 3 weeks old, maintained there for 8 to 10 days, and then returned to the 
blackfly i)roof quarters for fui'ther observation. TFin smears wei'c made from 
blood obtained from the leg vein of the ducklings on the 7th and 8th days of 
ex])osui'e and every 2-3 days thereafter. All slides were fixed in methyl alcohol 
and stained with Giemsa’s stain. They were examined by the time-search 
method (Chernin, 1952a) under high power (430x) and the gametoeytes 
counted in a 5 minute si'arch. Separate totals were ke])t for round or elongate 
gametoeytes. 

Three groups of 8 to 9 muscovies and a similar number of pekins were thus 
exposed. Two groujis were exjiosed during the anticipated height of the 
epizootic and the third group after the anticipated peak of transmission. 
Thus group A was exposed at the laki'side site for 8 days beginning July 18 
(July 18-26). Half of each species was penned witiiin the wire enclosure; 
and although the other half was turned loose, they congregated near the 
pen. (iroup B was exposed uniienned at the farm site for 10 days beginning 
July 16 (July 16-26). Group C was ex])osed in the farm site' pen for 10 
days beginning July 26 (.July 26 to August 5). 

Resi’lts 

The infection and mortality rates for the three groups are summarized in 
Table 1. That transmission did in fact vary among these gi'oups is suggested 
by the percent of ducklings with patent infections, but even moi’c cleai'ly by 
the percent of ducklings with patent infections on the 8th day of exposure and 
by the mortality rates. Thus, all of the 17 ducklings in Grou]') A developed 
parasitemia by the last day of exposure, day 8, and all died. In contrast, 
ducklings in Group B and C wore less severely infected in spite of the fact 
that they were exposed to infection for an additional 2 days. Thus, oidy one 
bird in Group G developed a parasitemia by the 8th day of exposure, and 
only one died. That the severity of infection in Group B was intermediate 
between Groipis A and G is suggested by the 100% patency but only 89 and 
12% mortality for the two species. 

Table 1 brings out even more sharply the apparent differences in the 
character of infection acquired by the two host species. Such host diffei'ences 
are not evident in the very heavy infections of Gi'oup A in which all dixcklings 
of both species became rapidly infected and died within 18 days. In Group 
B, however, all of the pekins developed iiarasitemia within 8 days and 8 of the 
9 died within 21 days; only 6 of the 8 parallel muscovies d('velop('d para¬ 
sitemia within 8 days and only 1 died. Although all of the ]jekins of Group G 
became infected, only 4 of the 7 parallel muscovies developed patent infec¬ 
tions, none within 8 days, and none died dui'ing the period of observation 
(25 days) which was four days longer than for group B. 
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Data on moan onmotooyto lovols and time of death for tln'se same j^i'onps 
(Figure 1) again suggest a graded severity of infection. Tlie pekins of Group 
C, which were e.xposed after the, Indglit of the epizootic, had the lowest para¬ 
sitemias among tin* ])ekins. The one death was much later than in the* other 
two groups. Round gametocytes in these ducklings reached a peak on day 
14 and the elongate on day 17. In contrast, gametocytes reached higher levels 
in the pekin ducklings exposed at either of the two exposure sites during the 
height of the epizootic (Groups A and B). In Group B both round and 
elongate gametocyte peak counts exceeded 250 in 5 minutes search and the 
peaks occurred earliei* than in Group C. In Group A the infection was so 
severe that all these i)ekins dic'd by day 10, at or before the round gametocyte 
peak and bcTore tin* appearance of any elongate forms. 

Furthermore, Figure 1 clearly shows marked differences in the responses of 
the two hosts to the same exposui'e risk. In each of the three situations, 
parasitemias in the muscovies were conspicuously lower, and deaths gem'rally 
occurred later than in the parallel pekins. Although the round gaiiH'tocytes 
appeaved at about the same time in the two host si)ecies under the heavic'st 
ex]iosure risk (Group A), there was some delay in the muscovy parasitemia 
following lightei* exposure, particularly in Grou]) C. Moreover, the numbers 
of elongate gametocytes were negligible in the muscovies of Groups A and B 
and were not seen at all in Grou]) G. Tlie pekins of all groups died with 
relatively high parasitemias, and all but one of these deaths appeared to be 
a.ssociated with a I’ising parasitemia. In contrast, the muscovy moi'talitic's 
were associated with relatively low parasitemias, and six of these? eight deaths 
occuri-ed after the parasitemia had started to decline from even the low peak. 

It .should he noted at this point, however, that 5 muscovy lossc's occurred 
during the various exposure ])eriods but are not included in either Table 1 or 
Figure 1. Two of these unpenned ducklings in Group A disappeared on the 
6th day of exposure, and one in Group B disappeared between the 8th to 10th 
days of exposure. Uiey were never found either dead or alive. All three of 
these rnusc'ovies showc'd small to moderate numbers of ring stages in red cells 
on slides made 1 to 2 days before they disa])peared. In addition, two penned 
muscovies from Group C wei'e found dead on the 10th day of exposure; ex¬ 
amination on the eighth day of exposure had faih'd to reveal any parasitemia. 
In any event, tln'rc* is no evidence that any of these five had a heavy para¬ 
sitemia, and their exclusion fi'om the tabular data, does not significantly alter 
the observations made on comparative moitality rates and seveilty of infection 
in the two host spec-ies. 


Tai)le 1. Infection and mortality rates among white pekin and muscovy ducklings* 
exposed in parallel to natural infection with Lc/tico<;ytozoon ffimondi. 


Group 

Ducks 

Exposed 

Days of 
Exposure 

% Patent 
in 21-25 
days 

% Patent on 
Day 8 

% Mortality 
in 21-25 
days 

A 

10 white pekin 

8 

100 

100 

100 


7 muscovy 

8 

100 

100 

100 

B 

9 white pekin 

10 

100 

100 

89 


8 muscovy 

10 

100 

75 

12 

C 

8 white pekin 

10 

100 

12 

12 


7 muscovy 

10 

57 

0 

0 


*Does not include 5 muscovies which died during the exposure periods. 
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Discussion 

An cxaniination of the gametocyteniias and mortalities in parallel groups 
of white pekin and muscovy ducklings shows that the two hosts developed 
very different types of infections. Following relatively low exposure risks 
which allowed at least some of the infected pekins to survive, fewer muscovies 
became patent, they developed lower parasitemias, and suffered fewer deaths. 
Even when transmission was severe enough so that all exposed ducklings of 
both species became patent and died, muscovy deaths occurred relatively late, 
during the period of declining para,sitemia, whereas ])ekin deaths were 
invariably associated with early fulminating parasitemia. Furthermore, nius- 
eovies appeared to show less correlation between parasitemia and the severity 
of disease than did pekins. Thus, the ])arasitemias in Group A muscovies, all 
of which died, were not appreciably higher than those in muscovies of Group 
R, in which only one of eight died. 

Among the explanations for the difference in the gametocytemia in these two 
hosts is the possibility that the blackflies may feed more readily on pekins than 
on muscovies. Thus, under apparently identical exposure risk, the muscovies 
may actually receive fewer black fly bites and thus actually have a lower ex¬ 
posure risk than the pekins. However, since the muscovy fatalities are not 
only delayed but are associated with even lower parasitemias than seen in 
the surviving pekins, alternative explanations must l)e considered. 

Since the deaths among the pekins were associated with rapid blood de¬ 
struction near the peak of the parasitemia, it would appear that anemia was 
at least an important contributory factor, if not the primary cause of death 
among these pekins. In addition to the blood destruction, there is extensive 
d(‘struction of liver and spleen (Fallis, Davies, and Vickers, 1951 ; Newberne, 
1957), and other tissues (Fallis, Anderson, and Bennett, 1956) associated with 
the schizogonous cycle. Since the muscovy deaths are delayed and are not 
associated with as high a parasitimiia as are pekin deaths, it appeal's that 
muscovy deaths may result from injury to the internal organs. This raises' 
the question as to whether muscovies are disproportionately injured by a 
given amount of schizogony or whether the underlying schizogony is much 
more extensive than would be suspected from the rather nominal amount of 
gametocytemia. Thompson and Huff (1944) have rejiorted that when the 
malaria of the Mexican lizard was transferred to a closely related but 
abnormal host, the collared lizard, predominantly exoerythrocytic stages 
developed in the latter with relatively few erythrocytic parasites. Even 
abnormal transfer within a normal host species, such as repeated passage of 
Plasmodium gallinaeeum in chick embryoes (Haas, et. ah, 1946) or within 
avian tissue culture (Lewert, 1950) has been shown to produce predominantly 
exoerythrocytic schizogony. It appears that the muscovy may be an abnormal 
host for L. simoudi, and it would not be surprising that in such a host 
schizogony would be ineffective in gametocyte production. What, if any. 
additional depression of gametocytes might result from acquired immunity is 
unknown. 

The present studies support the report by Cheruin (1952a) that in in¬ 
dividual pekins thei'e is I'elatively little quantitative correlation between the 
number of round gametocytes and the subsequent number of elongate game¬ 
tocytes. Neverthehcss, on the average the two forms were present in about 
equal numbers in this host. In the muscovy, however, elongate gametocytes 
were rare and never accounted for more than five percent of the total number 
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of gametoeytes. An adequate explanation of this must necessarily await more 
complete information of the essential differences between the two morphologi¬ 
cal variants than is now available. Cook (1954) has discussed at length pos¬ 
sible explanations for this gametocytie “dimorphism” without coming to any 
satisfaetoi-y conclusion. The present findings do not selectively support any of 
the possibilities she presents but add an additional alternative to be con¬ 
sidered, namely, that the host species may be a factor in the nature and extent 



EXPOSURE 


DAYS 


Figure 1. Mean gamctocytemias in pekiii and inuscovy ducklings. Since tlio 
moan of the surviving ducklings is used, the number averaged is reduced by each 
death. 
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of the gainetoeytemia resulting from tlie underlying exoerythrocytie schizog¬ 
ony. It would appear that a more adequate study of the iiiteri-elationship 
of tissue and blood stages of Leucocytozoon in dift'erent, but closely related, 
Zool. 29: 305-328. 

host species might help elucidate the peculiarities in the life cycle of this 
sporozoan. 

Summary 

Comijarative gametoeytemias and mortality rates are ]‘eported for white 
pekin and muscovy ducklings simultaneously exposed to natural infections 
with Leucocytozoon simoncli. Although both hosts became ]’eadily infected, 
mortalities and gametocyte levels differed considerably among the various 
exposure groups. Muscovies, however, consistently had much lower game- 
tocytemias than pekins, tended to develop ga.metocytemia later than the 
pekins, and had proportionately f(‘wer elongate forms (never more than five 
percent of the total). Furthermore, the inortalitj^ rate was lower among the 
muscovies and deaths were delayed. It is not clear whether such differences 
between the infections in pekin and muscovy ducklings result from differences 
in suscf'ptibility to Jj. simondi or differeiu'es in susceptibility to attack by 
black flies. In any event, deaths among the muscovies appear to result from 
exoervthrocjdic schizogony rather than from blood destruction. 

Literatutie Cited 

CbiERXix, Eli. 1952a. Parasitemia in Primary Leucocytozoon uimondi. Infections. 
.Tour. Parasitol. 38: 499-508. 

ChePvXIN, Eli. 1952b. The Epizootiology of Leucocytozoon uimondi Infections in 
Domestic Ducks in Northern Michigan. Amer. Jour. Hyg. 5(): 39-57. 

Cherxin, Eli. 1952c. The Eelapse Piienomenon in the Leucocytozoon simondi In¬ 
fection of the Domestic Duck. Amer. .lour. Hyg. 56: 101-118. 

COATNEY, (t. E. 1937. A Catalogue and Host-index of the genus Leucocytozoon. 
Jour. Parasitol. 23: 202-212. 

Cook, Alice Eichards. 1954. The Gametocyte Development of Leucocytozoon 
simondi. Proc. Helm. Soc. Wash. 21: 1-9. 

Eaiuas, a. Murray, Douglas M. Davies, and Marjorie A. ADckers. 1951. Life 
History of Leucocytozoon simondi Mathis and lu'ger in Natural and Experi¬ 
mental Infections and Blood Changes Produced in the Avian Host. Can. Jour. 
Eallis, a. M., J. C. Pearson, and G. P. Bennett. 1954. On the Specificity of 
Leucocytozoon. Can. Jour. Zool. 32: 120-124. 

Eallis, A. M., E. C. Anderson, and G. E. Bennett. 1956. Eurther Observations 
on the Transmission and Development of Leucocytozoon siinondi. Can. Jour. 
Zool. 34: 389-404. 

Haas, Y. H., A. Wilcox, E. P. Davis, and P. AI. Ewing. 1946. Plasmodium yalH- 
naceum infection characterized by predominance of exoerythrocytie forms. 
Pub. Health Eep. 61: 921-928. 

Huef, C. G. 1942. Schizogony and gametocyte development in Leucocytozoon 
simondi, and comparisons with Plasmodium and Haemoyroleus. Jour. Inf. 
Dis. 71: 18-32. 

Lewert, Egbert M. 1950. Alterations in the Cycle of Plasmodium yallinaceum 
following Passage through Tissue Culture. II. Behavior of the Strains during 
Multiple Passage Through Chicks. Amer. Jour. Hyg. 51: 178-193. 

Manwell, E. D. 1951. Leucocytozoa and other Blood Parasites of the Purple 
Grackle, Quiscalus quiscala quiscala. .lour. Parasitol. 37: 301-306. 

Newberne, .James W. 1957. Studies oji tlie Histopatbology of Leucocytozoon 
simondi Infection. Amer. Jour. Vet. Ees. 18: 191-199. 

O’Eoke, Earl C. 1934. A malaria-like disease of ducks caused by Tmucocyiozoon 
anatis Wickware. IJniv. Mich. School of Forestry and Conservation Bull. No. 4. 
Otto, Gilbert P. 1958. Some Ectlections on the Ecology of Parasitism. Jonr. 
Parasitol. 44: 1-27. 

Thompson, P. E. and C. G;'Hupp. 1944. A Saurian malarial parasite, Plasmodium 
mcxicanum, n. sp., with both elongatum- and gallinaceum-types of exoerythro- 
cytic stages. Jour. luf. Dis. 74: 48-67. 


Copyright © 2011, The Helminthological Society of Washington 



J ULV, 1960] 


HEJ.MINTHOLOGICAL RO(:iP]TY 


157 


Effects on Calves of Gastrointestinal Nematodes 
Naturally Acquired 

Aakon CIoldbehg and John T. Lucker* 

Animal Disease and Pai'asite Researeli Division, Agricultural Research 
Service, IJ. S. Depai'tinent of Agriculture, Beltsville, Maryland 

The writers are unaware of any published information on the effects of 
helminth ])arasitism on weight gain and general well-being of calves based on 
the performance of animals with infections naturally acquired on contami¬ 
nated pastures versus that of animals raised worm-free and maintained on 
clean i)astures. The I'esults of two small-scale experiments in which this com¬ 
parison was made are rej)orted in this pai)er. 

Materials and Methods 

A permanent pasture of about 2 aci-es, located at Beltsvilh*, Mai'yland, 
oilginally planted to Kentucky bluegrass and clovers and not grazed for 
several years, was divided into two equal plots—A and B. At the beginning 
of each experiment, the quality and quantity of the forage on each plot was 
about equal. Plot A served as the clean pasture. 

Between tlie fall of 1953 and the sj)ring of 1954, plot B was moderately 
contaminated, mainly naturally, with cattle manure that contained an un- 
detei'inined number of gastrointestinal nematode eggs. Tjater in the siiring, 
fi'oni ^lay 6 to June 15, 1954, manure that contained an estimated 43(S million 
eggs was spread evenly over the plot. The number of eggs was estimated by 
the weight of the nianui'e and counts of eggs in weighed samples. 

Experiment 1 was started on June 23, 1954. Comparable calves, raised 
lielminth-free and passing few oocysts of Kiweria spp., were used. Their ages 
ranged from 1.5 to 1.8 inonths when put out to graze. Two calves were 
placed on each plot and after 5 to 7 weeks, one calf of each group was re¬ 
placed by another helminth-free calf (table 1). Thus, 6 calves were involved 
in the experiment. The experiment was concluded on October 13, 1954. 

In preparation for experiment 2, forage samples from plot B were ex¬ 
amined in the s])ring of 1958 and yielded only a few lai'vae per pound. Hence, 
cattle manure, whicli contained an estimated 289 million gastrointestinal 
nematode c'ggs, was s])read evenly over the plot foi’ a week in late July. This 
contamination was about the dc^gree that would have been produced by 4 
lightly- to moderately-infected yearlings grazing on the area for one month. 

Experiment 2 was startc'd on September 4, 1958. Three comparable test 
calves were placed on eacli plot. Those placed on plot A were raised helminth- 
fi'Ccy except for a few Strovgiiloides. Two of those placed on plot B had 
acquired very slight infections with other worms before the experiment started. 
The ages of the calves ranged from 3.2 to 3.6 months when put out to graze. 
The experiment was concluded on November 20, 1958. 

A plan of modified strip grazing was used in both experiments. The calves 
had access to the entire; plot for only a part of each experiment. The man¬ 
agement was exactly alike on plots A and B. 

The calves were weighed each week during the experiments and the eggs 
]ier gram of fc'ces wei’e also determined weekly. The general appearance of 
the calves and the consistency of their feces were observed weekly oi' oftomer. 

■ Hv. Robert Rubin u.ssisted with exi)ei-iinent I. 
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The infected calves from plot B were necropsied on the da}^ of death or re¬ 
moval from pasture, and the worm loads were determined as described by 
Goldberg and Rubin (1956). The control calves on the uncontaminated plot 
were not killed. 

Results and Discussion 

General results : As determined b}' fecal examination, in each experi¬ 
ment the calves on contaminated plot B promptly acquired a signiflcant mixed 
infection of gastrointestinal nematodes. The peak count of eggs jier gram 
averaged 2,100 and 947 in experiments 1 and 2, respectivel 3 L 

The calves on the uneontaminated plot A remained worm-free or practically^ 
so. On one occasion in each experiment, the feces of one control calf con¬ 
tained 1 egg per gram besides a. few Strongyloides eggs. None of the calves 
on plot A showed any signs of illness. 

In experiment 1, calf 78 on contaminated plot B did not show clinical 
signs of disease. Calf 80 began to lose weight after 3 weeks and then sickened 
with a greenish, watery diarrhea, tj^pical of several tjqies of gastrointestinal 
helminth parasitism, and died on the 33rd day of the test. Its replacement, 
calf 71, survived, but it also developed a similar diarrhea toward the end of 
the experiment. 

In experiment 2, calf 57 died after 9 weeks. Although it had gained almost 
no weight for a month before death, it was not diarrheic, and death may have 
been due primarily to bloat. Neither of its pasture mates showed elinical 
evidence of disease during the test. 

Average daily weight gain : As determined from the data in table 1, in 
experiments 1 and 2 the average daily weight gains of the calves on the clean 
plot were respectively, 213 and 53.7 per cent greater than that of the corre- 


TABLE 1.—Average daily weight gain (in ponnd.s) of calves on contaminated 

and clean pastures 


Experiment 

no. 

Calf 

no. 

No. days on 
pasture 

Initial 

weight 

Gain or 
loss 

Average daily 
gain or loss 



Con taminated Past ure 



1 

80''- 

34 

171 

— 29 

— 0.853 

1 

71^" 

77 

150 

22 

0.286 

1 

78 

112 

160 

74 

0.661 

Total or average 


223 


67 

0.300 

2 

57*" 

63 

150 

33 

0.524 

2 

47 

77 

217 

48 

0.623 

2 

58 

77 

168 

32 

0.416 

Total or average 


217 


113 

0.521 

Grand total or average 


440 


180 

0.409 



Clean Pasture 



1 

82 

34 

175 

36 

1.059 

1 

7G** 

** 62 

155 

70 

1.129 

1 

79 

112 

153 

89 

0.795 

Total or average 


208 


195 

0.938 

2 

46 

77 

190 

50 

0.649 

2 

56 

77 

160 

60 

0.779 

2 

59 

77 

165 

75 

0.974 

Total or average 


231 


185 

0.801 

Grand total or average 


439 


380 

0.866 


*Died of parasitism. ^^Eeplacement for No. 80. ***Died, probably from bloat. 
****Eeplacement for No. 82 to match weight of No. 71. 
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TABLE 2.—Worms rerovorocl from ciilves on eontaminated plot B 


Exporimout 1 _E xperiment 2 

Calf No. 80 71 78 57 47 58 

Days on plot 34. 77 112 63 77 77 


Kinds of worms: 



Number of worms* 



Ostvrtagia ostavtayi 

9,280 

9,900 

5,020 

7,000 

4,375 

4,700 

T r irh o.'ifro n gylu .s axe i 

8,155 

7,000 

18,600 

1,710 

360 

550 

Hnemonclm.H contort 

0 

552 

187 

32 

26 

4 

Coo pc ria o ncopli ora 

31,535 

0 

9,965 

10,860 

6,125 

5,965 

Coo pc r in puncta t a 

6,865 

15,080 

13,735 

18,425 

19,550 

10,465 

Cooperia larvae 

1,750 

300 

3,700 

7,435 

4,000 

4,390 

.Vc»i at0(1 irun liclvct inn a.s 
Tricliostrongijliin 

7,365 

0 

2,020 

49,550 

27,065 

20,775 

roluhrifonnis 

3,025 

1,425 

7,090 

0 

0 

0 

Biinostomnm phlrboloin iriii 

0 

0 

0 

75 

30 

45 

Moniczia 

0 

0 

0 

16 

27 

21 

Oe.sophagosto iu K ni radial am 
Trirhiiriti ovis and 

5 

8 

27 

3 

16 

16 

T. discolor 

7 

o V 

44 

114 

169 

128 

Total 

67,987 

34,302 

60,388 

95,220 

61,743 

47,059 


'Elotli adults and larvae unless otherwise specified. ■Aemsw;. Into 


sponding gi’oups on the contaniinatc'd ]3lot. In the two exj)ei'inients combined, 
the average gain lor all calves on the clean plot was approximately 112 per 
cent greater than that lor all on the contaminated plot. 

WOR.M T/OADS: Table 2 shows the numbers and kinds of worms recovered at 
iu‘cro 2 )sy. The greatest number, about 95,000 was recovered from calf 57, 
which apparently died from causes other than parasitism. Calf 80, whose 
death was attributed to parasitism, and calves 78 and 47, despite the fact that 
they showed no clinical evidence of parasitic disease, yielded approximately 
equal numbei's of woi’ins, about 60,000 to 68,000. Fewest worms were re¬ 
covered from calf 71, which did show signs of parasitic* disease during the 
experiment. 

These findings suggest than the development of severe oi* fatal helminthic 
disease in a calf is only approximately related to the number of worms har¬ 
bored by the animal at a particular time. The development of the disease 
depends on a complex of factors which may include (1) the rate of intake 
of infective larvae; (2) the total larval intake; (3) the duration of infection; 
(4) the pathogenicity of the species; and (5) the sensitivity of the individual 
to the effects of the worms and its ability to eounteract the effects. 

SUMAIAHV 

Twelve calves, raised helminth-free or practically so, were used in two 
gi'azing experiments, the first lasting 3.6 and the second, 2.5 months. Half 
of the calves wei’e maintained on a clean pasture and half on a pasture that 
was comparable, except that it had been recently contaminated with cattle 
manure containing gastrointestinal nematode eggs. The calves on the eon¬ 
taminated pasture became moderately infected with worms, but those on 
the clean pasture remained worm-free or practically so. The calves on the 
clean pasture gained weight twice as well on the average as those on the 
contaminated one, and they were in better condition. 
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The Influence of Carbon Dioxide on Respiration of 
Certain Plant-parasitic Nematodes''' 

R. A. Rohde** 

Extensive studies on respiration of free living neniatod(‘s have beeii made 
by Overgaard Nielsen (1949) and Santineyer (1958). AAliile Overgaard 
Nielsen included a few measurements on plant-parasitic forms, Santmeyer’s 
data are confined to Panagrellns redivivtis (Linn., 1767) (loodey, 1945, a 
particulate feeder. In both of these studies, O 2 uptake was measured in 
chambers where CO 2 had been cpiantitatively removed with KOH, under the 
assumption that the absence of CO 2 had no effect on the resjiiration rate. The 
following studies show that this is apparently not the case with certain plant- 
parasitic nematodes and that respiration rate is dependent on the amount of 
COo present. 

Materials and Methods 

A Cartesian diver ultramicrorespirometer similar to the instrument used 
by Overgaard Nielsen (1949) was used in all studies. This instrument was 
selected for use because the numbers of nematodes available were limited and 
respiration measurements could be made with small numbers of animals. 

The respirometer was constructed following the design of Hotter and 
Linderstrom-Lang (1943), with only slight modifications. Divers were made 
of pyrex glass and had a total volume of 7-9 microliters. Diver necks were 
coated with silicone. 

To load divers, the desired number of nematodes was drawn into a one 
microliter delivei-y jiipette and the contents expelled into the diver bulb. A 
0.5 microliter drop of 0.1 N KOH was suspended at the bottom of tbe diver 
neck, and a 0.5 microliter drop of paraffin oil was suspended midway up the 
neck. Sufficient flotation medium was placed in the mouth of the diver neck 
to allow the loaded diver to come to equilibrium near atmosiiheric pressure. 

Studies on the influence of various concentrations of CO 2 were made using 
an application of the method of Pardee (1949). Pardee’s solution, when 
charged with a given concentration of COo, will act as a “buffer” to 
maintain a given CO 2 pressure within an enclosed space. The physical prop¬ 
erties of the solution are such that it may be used in place of KOH in the 
diver neck. The desired concentration of CO 2 was bubbled through the Par¬ 
dee’s solution, as well as the flotation medium of the vessel to be usi'd foi- 
that concentration, for 12 horn’s before each experiment. All solutions were 
kept in the diver water bath during bubbling. The Avater bath was held to 
within 0.01°C of 25°C. 


Sciontific Article No. AS48, Contribution No. 8139 of the Maryland Agricultural Experiment 
Station, Department of Botany. 

This research was sxipported in part by a grant from the Rockefeller Foundation. 

■■*The author is indebted to Dr. B. J. Boell, Gibbs Memorial Laboratory, Yale University, 
New Haven, Conn, for his many helpful suggestions concerning the construction and use of 
the Cartesian Diver respirometer. 

Pi'esent Address: Dept, of Bnt. and Plant Path., Univ. of Mas.^achusetts, -Amherst. 
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TABLE 1.—Eespiration rates of various iieiuatodes 6-8 hours after extraction 
from soil. Eacli value was determined from duplicate divers containing 1-4 adult 
females. Eanges and mean values arc given when more than one determination 
was made. Divers sealed with KOH, water bath at 2.'i°C. 


Oxygen consumptiou/hr. 


Xcniatodc species 

No. of 
trials 

Ave. wt., 
niicrograms 

in icrol./individual 

l./kg. fresh wt. 

Irichodonis clirin 1U: 1 

5 

1.12 

1.06 (.73-1.50) 

.95 (.87-1.30) 

Tylencliorhynclm .s- n 1 art 1 n i 

1 

.90 

3.31 

3.72 

J^ratylrnclivs penetrans 

5 

.14 

.42 (.30-.60) 

2.96 (2.11-4.22) 

Criconenwides s]). 

1 

.30 

.68 

2.27 

ITeniieycdiopltora sp. 

0 

1.60 

.69 (.64 .76) 

.43 (.38-.54) 

JToplolainuis tylrnrJiiformis 

1 

2.00 

.40 

.20 

Pan agrellus rediriviis 

1 

1.25 

8.10 

6.40 


For all exporinieiits, duplicate divers were used for each treatiueut and 
a control diver without nematodes was used for each tia'atmeut. Three levels 
of CO 2 were used for each experiment; air with CO^ removed by means of 
KOH, normal air (0.3% CO 2 ), and air with either 1% or 2% CO^ added. 

Xematodes used were; extracted from greenhouse pot cultures and the first 
respiration measurements were made wdthin about 2 hours' after extraction 
was started. Adult females w'ere selected for uniform size, rinsed sev(‘ral 
times with sterile w-ater, and stored in aerated tap waiter in the diver water 
bath. Rinse waiter wais saved for use in control divers. Four adult females 
were used in each diver in most cases and waiights of all nematodes used were 
determined from optical measurements using the method of Andrassy (1958). 

REsuT/r.s -AND Dtsot:ssion 

Preliminary respiration studies were made with several species of ])lant- 
parasitic nematodes as well as with P. rrdivivxs. Results are given in Table 
1. Measurements of (‘xtraction waiter and rinse waiter indicated that micro¬ 
organisms wami' probably not a complicating factor. Respiration rates ob¬ 
tained were similar to those of Overgaard Nielsen (1949) and Rantmever 
(1958). Santmeyer found that the respiration rate of P. redirivKs dropped 
considerably during the initial 24 hours of starvation and then became more 
or less stable. However, Overgaard-Nielsen obtained essentially the same 
respiration rates making daily readings on nematodes starved in waiter over 
a 7 day period. Results with plant-parasitic species did not follow eithei- of 
these patterns (Fig. 1). The respiration rate of Pratj/lenrhus poKdrans 
(Cobb, 1917) Filipjev and Steckhoven, 1941 decreased constantly over an 11 
day period. After this time, death of individuals during runs made rc'sults 
erratic. 

Long term experiments using the same population of nematodes for suc¬ 
cessive runs showed that the respiration rate of those nematodes in divers 
became lower than the rate of those nematodes kept in aerated water. Figure 
1 shows a typical experiment with four separate rate determinations on the 
same population of nematodes spaced over a period of 11 days. The respira¬ 
tion rale at the beginning of each determination was higher than the rate at 
the end of the preceding one. Several series of experiments were run with 
]ilant parasites and the same effect wvas always noted. It wms also observed 
that those nematodes in divers with a KOH seal became less active than those 
kept in aerated water. 
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Expci'inientis using Pardee’s solution in place of KOII were designed to 
explore' the possibility that nematodes in divers with a KOH seal were respir¬ 
ing at a reduced rate because CO 2 was absent. Respiration rates of l\ pene¬ 
trans and Hoplolainins tjilenchifornm Daday, 1905 were found to be highest 
in air and lower in either higher concentrations of CO^ or in air with COo 
removed (Figs. 2 & 3). The same ett'eet was noted whether nematodes were 
in water, pH 6.5 phosphate buffer, or pH 8 Trishydroxymethylainino Methane 
buffer. Evidently CO^ is limiting only wFen its concentration drops below that 
of the atmosphere, and concentrations above this level inhibit I'espiration. 

A single experiment run with freshly hatched larvae of Meloidogi/ne hapla 
Chitwood, 1949 gave similar results. In this case, too few individuals were 
used to give a measurable 0^ uptake in divers wuth no COo or 1% CO^, but 
the same number of individuals showed a high rat(^ of respii-ation in divei's 
containing air. 

A stimulatory effect of low^ concentrations of CO 2 was observed by Searle 
and Reiner (1941) w'orking with tryi)anosomes. The activation of organisms 
W'hich had become motionless in C 02 -free medium and the increase of O 2 
uptake and glucose utilization were explained on the basis of C ()2 fixation. 

The inhibitory effect of increased concentrations of CO 2 on i)lant i)arasitic 
nematodes has been observed by several workers. Hastings and Xcwvton 
(1937) found that either CO 2 or rotten bulb infusion ])revented doi'inant 
specimens of DihileneJnis elipsaci (Kuhn, 1857) Filipjev, 1936 from recover¬ 
ing motility. Gillard, D’Herde and Van den Brande (1958) have shown that 



Figure 1. Respiration of Pratyleaiehus penetrans determined in divers contain¬ 
ing- KOH as a 00- al)sorl)cnt. Separate curves were determined from duplicate 
samiiles of 4 adult females taken from a population stored in aerated water. Tt 
can be seen that the decrease in respiration rate of individual samples is much 
more rap)id than decrc'ase in respiration rate for the population as a whole. Nema¬ 
todes were stored iuid respiration measurc'iuents \Yere made at 
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CO 2 inhibits larval enu'i'gi'iu'o from cysts of Heterodera rostochietisis Wollen- 
wcber, 1923. 

An interesting possibility arises when one considers that CO^ released by 
respiring roots may decrease the metabolic activity of nematodes in the ivjot 
area. Kiihn (1959) has proposed that an orthokinetic substance, as yet un¬ 
known, decreases activity of nematodes in the proximity of roots and is re¬ 
sponsible for nematodes’ staying in the root area. It is possible that high 
concentrations of COo which build up in the vicinity of respiring roots have 
this effect, although a great deal more evidence than that presented above 
is necessary to i^rove this theory. 

CONCLT'SIOXS 

1. Suffcient sensitivity is possible with the Cartesian diver ultra-micro- 
respironieter to permit respiration measurements on small numbers of plant- 
parasitic nematodes. 

2. Respiration rates of plant-parasitic nematodes decrease constantly from 
the time of removal from the host plant until death occurs. 

3. Res])ii’ation rates of certain plant-parasitic nematodes are higher in air 
than in vessels without C ()2 or with CCH levels higher than that of air. 

4. A hypothesis is jrreseiited that C ()2 released from respiring roots acts 
as an orthokinetical stimulus to decrease activity and prevent nematodes from 
leaving the root area. 



Figure 2. Respiration of Pratiilencliiis penetrant! as affected hy CO- concentra¬ 
tion. Each curve was determined from dui)licate divers containing 4 adult females 
each, and all measurements Avere made at 25'^C. 
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Figure ■'). Respiration of Hoplolaiiuiis tylencliiformis as affected by C'O- coii- 
coiitration. Each curve was deteriniiied from duplicate divers coutaiuing 4 adult 
females each aud all measurements were made at 
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Additional Hemiurid Trematodes from Hawaiian Fishes* 

H. W. Mami'er and Mary Hanson Pritchard 

This paper is based on speciniens colleeted by Dr. Hilda L. Ching’ during 
August, 1959, at the Waikiki Aquarium and at the Coconut Island Marine 
Laboratory of the University of Hawaii. Host identifications were confirmed 
by Dr. William A. Gosline. The authors recently reported 7 species of 
Inmiiurids from Hawaii (Mant(‘r & Pritchard, 1960). The present collection 
iiu-ludes 10 additional species, 6 of which are new; tlie other 4 constitute new 
1 ‘ecords for Hawaii. 

All egg nieasur(‘ments are in microns and all otlu'r measurements are 
in millimeters. 


SlIBEAAIlLY ARHAMIRINAE SkR.IABIN and Grscil AXSKA.IA, 1951 
(Synonym; Aliemiurinae Chaulian, 1954) 

The Aplianurinae are characterized by cuticular plications, no ecsoma, 
and one or two compact vitellaria. Genera; A phaniiritfi Liilie, 1901; 
Ahemiurus Chaulian, 1954; Myosaccii(iii Montgomery, 1957; and the new 
genus named heroin. We follow Yamaguti (1958) in considering CIkiiiIuoiid'iis 
Skrj. & Gusch., 1954 as a synonym of A pluDnini.^. 

Diiospliiiictcr zc{)icli, n. gen., n. sp. (Eigs. 1-2) 

Host; Zanchts cunescciis (L.), kihikihi or moorish idol (Zanclidae) ; 27 
specimens from S of 24 hosts. 

Location ; Stomach 

Holotype; U. S. Xat. Mus. Helminth. Coll., Xo. ;)9167. 

Descrii’TIOn (based on 27 specimens) ; Body, without ecsoma, 0.871 to 
1..454 long by 0.201 to 0.281 wide (width about same along entire length), 
anterior end rounded, posteilor end slightly more pointed; both forebody and 
hindbody bent dorsally fi'om acetabulum. Cuticula thin, horizontal plications 
encircle body along its entire length. Preoral lobe small. Oral suck(“r rounded, 
0.141 to 0.181 wide by 0.101 to 0.168 long; mouth ventral, pyriform with 
pointed anterior end, surrounded by well-developed sphincter. Acetabulum ]/.> 
body length from anterior end, sonnnvhat protuberant, 0.160 to 0.181 wide 
by 0.121 to 0.176 long; aperture triangular with one point directed ])osteriorly, 
also .surrounded by well-developed sphincter. Sucker ratio 1 ;1 to 1.2. Pharynx 
0.032 to 0.050 long by 0.058 to 0.069 wide; esophagus short, 0.019 to 0.024 in 
diameter; ceca slender at origin, then widening and exbmding to near 
posterior end of body. 

Testes diagonal with either right or left testis anterior, rounded, 0.070 to 
0.120 long by 0.096 to 0.120 wide, contiguous or close together. Seminal 
vesicle tubular but not slender, winding (4 or 5 turns) dorsally between mid¬ 
acetabulum and level of genital pore. Pars prostatica narrow and straight 
extending ventrally or posteroventrally into sinus sac ; lu'ostatic cells surround 
pars prostatica and terminal part of seminal vesicle while smaller gland cells 
suri'ound both pars prostatica and metraterm as they enter sinus sac (Fig. 2) ; 
pars prostatica joins metraterm at base of sinus sac to form short herma¬ 
phroditic'. duct. Sinus sac small, tubular, enclosing hermaphroditic duct, par¬ 
tially ])rotrusible. Genital pore median or slightly submedian, at level of 
bifurcation or immediately posterior to bifurcation. 


' Studies from the Doijartmeiit of Zoolosy. Uiiivoi-sity of Nobr;isk':i. No. :i2:!. This study 
WHS supported by a grant from tile National Science Foundation. 
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Ovary to loft, rounded, 0.048 to 0.120 long by 0.096 to 0.160 wide, over¬ 
lapped by posterior testis and anterior vitellariinn. A^itellaria coinpaet, 
diagonal, overlapping, 0.072 to 0.128 long by 0.086 to 0.138 wide, anterior 
vitellarium usually to b'ft and usually wider. Uterus fills postaeetabiilar spaces 
posterior, dorsal, and anterior to gonads. A small sphincter just outside sinus 
sac marks beginning of ver}^ short metraterm; metraterm not especially 
muscular, enters siiuis sacs and joins pars prostatica. Eggs yellowish, 21 
to 26 by 13 to 17. 

Excretory pore .subterminal, ventral; a small, papilla-like structiu’e pro¬ 
trudes in 7 specimens. Excretory vesicle not fully traced, but division occurs 
in region of gonads and crura extend forward and unite dorsal to pharynx. 

Generic diagnosis op Duosphincter: Hemiuridae, Aphanurinae: Body 
small, without ecsoma ; horizontal cuticular plications encircle body along its 
entire length; oral sucker subterminal, mouth surrounded by well-developed 
sphincter; coca extending to near posterior end of body; acetabulum pre- 
ecjuatorial, protuberant, aperture with well-developed sphincter; genital pore 
ventral to bifurcation; testes diagonal, close together, postacetabular in 
middle % of body; seminal vesicle tubular, winding in forebody, rarely 
reaching posterior to mid-acetabulum; pars prostatica short, surrounded by 
prostatic cells; sinus sac short, tubular, enclosing hermaphroditic duct; ovaiy 
ovoid, posttesticular, vitellaria in two ovoid masse.s, postovarian, diagonal to 
tandem; uterus fills postacetabidar spaces posterior, dorsal, and anterior to 
gonads; metraterm short, not especially muscular but separated from uterus 
by small sphincter; excretory pore subterminal, ventral; excretory vesicle 
Y-shaped, crura joining anteriorly. 

The name Diiosphincter is from duo (= two) and ftphinctrr (= a closing 
muscle) referring to the well-developed sphincter muscles present in both the 
oral sucker and the acetabulum. 

Discussion : The tubular, winding shape and the preacetabular position 
of the seminal vesicle are peculiar to JDnosphwcter. In Aphamcrus and 
Ahemiiirus the seminal vesicle is saccular and entirely postacetabular; in 
M/iosarcium it is saccular and most of it is immediately postacetabular, al¬ 
though it extends dorsal to the acetabulum. The sphincter muscles of the oral 
sucker and acetabulum are absent in the other genera. Duoftphincter differs 
from Aphanunis in possessing two vitelline glands, a short preacetabular 
pars prostatica, a shorter and less muscular hermaphroditic duct, a more 
posterior genital pore, and plications that extend horizontally around the body 
rather than at an angle. It differs from Ahemiurus. in having a short preace¬ 
tabular pars prostatica, a shorter and less muscular hermaphroditic duct, and 
diagonal vitellaria. It differs from Mposaccinm in the complete absence of 
a prostatic vesicle, the shorter sinus sac, the lack of an ejaculatory duet, 
larger gonads, cuticular plications over all the body, and the non-filamented 

Subfamily Dinurinae Looss, 1907 

The Dinurinae are characterized by cuticular plications, an ecsoma. and 
long, winding vitellaria. Genera: Binnrns Loo.ss, 1907; Ectemirnfi Looss, 

All figures drawn with the aid of a camera lucida. The projected scale has its 
value indicated in millimeters. Abbreviations used: ce, cecum; ex, excretory sys¬ 
tem; gp, genital pore; hd, hermaphroditic duct; mt, metraterm; pa, preacetabular 
pit; pp, pars prostatica; prv, prostatic vesicle; sph, sphincter; ss, sinus sac; -sv, 
seminal vesicle; ut, uterus; ut.% uterine swelling; vt, vitellaria. 
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1. Bnospliiiictrr zancli from Za)ieliis cancsc-cns, liolotype; ventral view. 

Fig’. 2. B. zaiicli from Z. cancscoi.s, paraty])e,; lateral view of terminal genital 
ducts. 

Fig. 3. Ectcnurus Icpidus Looss, 1907, from Dccdptcriis phmulatiis; ventral 
view. 

Fig. 4. Lccithocladium chmgi from Naso sp., liolotype; ventral view. 

Fig. 5. L. chingi from Naso sp., paratype; ventral view of terminal genital 
duets (a posterior portion is displaced to the left; its actual position is dorsal to 
the pars prostatica shown on the right). 

Fig. (). L. chingi from Naso sp., paratype; ventral view of ovary and vitellaria. 

Fig. 7. X. chivgi from Naso sp., paratype; ventral view of excretory vesicle 
in ccsoma. 
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1907; Lecithocladinm Li'ilio, 1901 (syii. Clupoiurus Srivastava, 1935) ; Mag- 
nncctahnliiDi Yam., 1934. 

Manter (1947) named Parcrtoniriis, dift’erentiating' it from Ectenurus 
because the seminal vesicle was not tripartite even though the paratype speci¬ 
men from Syiiodiis foetem was figured with an indistinctly tilpartite seminal 
vesicle. The difference is largely one of degree, and we now regard Percc- 
temims a synonym of Ectenurus. 

Yamaguti (1954, 1958) considered Parectenurus as a synonym of May- 
nacetahuhim Yam., 1934 although Purecienurus has a well-developed sinus 
sac aud Magiiacet(d)uluv) has none. In 1953, Yamaguti desci’ibed M. leiognalhi 
which has a “ductus hermaphroditicus . . . enclosed in a vei'y thin membranous 
capsule” (i.e. sinus sac). Since Mngnacetid'xduw is entirely without a. 
sinus sac, M. leingnathi should be transferred to ErtenvDis. 

The new combinations are: Ectenurus ninericanus (Manter, 1947) [syn¬ 
onyms: Purecienurus aniericcnius Manter, 1947; Magnoeetubulum americanum 
(Manter, 1947) Yam., 1954] and Ectenurus leiognathi (Yam., 1953) [syn¬ 
onym: M<ignacet(d)ulu)n leiognathi Yam., 1953]. 

Ectenurus lepidus Looss, 1907 (Pig. 3) 

Hosts (both new records): Decapterus pinnulatus (Eydoux & Souleyet), 
’opelu, mackerel scad, or’opelu-mama (Carangidae) ; 5 specimens from 3 hosts. 
xlnampses eurieri Quoy & Gaimard, ’opule or hilu (Labridae, wrasses) ; 1 
from 1 host. 

Location : Intestine 

Specimkx deposited: U. S. Nat. Mus. Helminth. Coll., No. 39176. 

Discussion : E. lej)idus has been reported principally from carangids 
in the Adriatic, Mediterranean, and Black seas, and at Aberdeen, Scotland, 
lYellington, New Zealand, and now Hawaii. Vlassenko (1931) found no 
anterodorsal papillae on his specimen from the Black Sea; Manter (1954) 
observ(‘d that the papillae “are inconspicuous and not always evident”; vei-y 
small ones were obseiwed on only one of the Hawaiian specimens, and that 
specimen was flattened with the preoral lobe bent ventrally over the oral 
sucker. 

In most respects the Hawaiian specimens agree with siiecimens of E. 
lepidus reported from other localities. The sucker ratio is both smaller and 
larger than reioorted by Looss (1:2.4 to 2.8 as compared with 1:2.5) and it 
reaches tlie lower limit reported by Manter (1:2.8 to 3). The eggs average 
smallei’ (16 by 10) than those reported by Looss (20 by 10), but the range 
(13 to 19 hy 8 to 11) overlaps the limits reported by Manter (18 to 21 by 
9 to 10). Like the New Zealand specimens, the sinus sac is elongate but does 
not reach the acetabulum. 

Tjeeithoeladium ehingi, n. sp. (Pigs. 4-7) 

Host: Acanthurus niata (Cuvier), (Acanthuridae, surgeonfishes) ; 2 

specimens from 1 of 3 hosts. 

'Naso fbrerirostris (Cuvier & Amlenciennes) or N. funicornis (Porskal), 
kala oi' unicorn fish (Acanthuridae, surgeonfishes—the two species are so 
similar that all diff'ei-entiations are uncertain) ; 21 specimens from 10 of 28 
hosts. Type host. 

Melichthgs vuhia (Solander), humuhumu-hi’u-kole or humuhumu-uli (Balis- 
tidae, triggerfishes) ; 2 specimens from 1 of 5 hosts. 

Location : Stomach 
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Holotype: U. S. Nat. Mus. Ilplniiiitli. Coll., No. 39168. 

Description (based piliulpally upon 10 mature specimens and 5 young' 
specimens) ; Body bliform, with ecsoma ; body proper 3.144 to 3.b64; ecsoma 
0.436 to 2.345 long, retracted no more than 0.4 and usually not at all; total 
length 3.150 to 5.494; width 0.503 to 0.992 at posterior end of body. Cutic- 
ular plications encii'cle body, sometimes less distinct posteilorly. Oral sucker 
0.241 to 0.369 wide by 0.221 to 0.315 long, surmounted by short preoral lobe. 
Acetabulum to body length from anterior end, 0.281 to 0.375 wide 
by 0.255 to 0.375 long. Sucker ratio 1:1.0 to 1.3. Pharynx 0.168 to 0.288 
long by 0.134 to 0.201 wide, slightly narrowed anteriorly; esophagus first 
rounded 0.087 to 0.107 in diameter, then directed anterodorsal or dorsal for 
short distance; ceca, often containing blood, arise dorsally, enlarge and ex¬ 
tend dorsolaterally along posterior half of pharjmx then turn posteriorly, 
tij)s reach almost to ])osterior end of ecsoma. 

Testes well separated from acetabulum, rounded, almost symmetrical or 
somewhat diagonal, similar in size, 0.101 to 0.255 long by 0.141 to 0.235 wide. 
Seminal vesicle partially or wholly anterior to testes, thick walled, saccular 
but usually constricted near middle to give almost bipartite appearance, 0.215 
to 0.369 long by 0.109 to 0.154 wide; short, narrow duct leads posteriorly fi'oni 
anterior end of seminal vesicle to join pars pi'ostatica. Pars prostatica very 
long, extends postei'iorly almost to ovary, turns anteriorly and follows a 
sinuous course between testes and ventral to seminal vesicle, dorsal to ace¬ 
tabulum, and joins sinus sac, near anterior edge of acetabulum; prostatic cells 
large and numerous, decreasing slightly in size and number near sinus sac. 
Sinus sac curves sliglitly to genital pore, 0.436 to 0.616 long by 0.034 to 0.088 
wid(“. Hermaphroditic duct well developcal with muscular wall, free in sinus 
sac, slightly pi'otruded from genital pore in some specimens; protruded tip 
slender and smooth followed by short, expanded portion seeming to bear 
minute iiapillae. Genital pore median, ventral to anterior half of oral sucker 
in all but two specimen.s, ventral to posterior half of oral sucker in latter. 

Ovary 0.067 to 0.201 long by 0.121 to 0.255 wid(‘, slightly reniform, ventral 
and more or less median. Vitellaria consisting of paired symmetrical princi¬ 
pal masses immediatcdy postovarian, 0.067 to 0.121 in diameter, one with 3 
lobes, other with 4 lobes; lobes very long and very coiled, encircling ovary. 
Initial part of uterus contains sperm cells; uterine coils descend on left, enter 
ecsoma a litle to as much as its length, then ascend on ]'ight side dorsal to 
gonads and loop 2 or 3 times before following anterior part of pars prostatica 
to sinus sac; uterus joins pars prostatica at base of sinus sac. Eggs numerous, 
yellowish, 14 to 18 by 8 to 11. 

Excretory pore terminal; in the ecsoma, tlm median stem of excretory 
ve.sicle ascends bdwt'en ceca witli repeat(“d forward and backward turnings 
(Fig. 7) ; anterior to ecsoma it becomes more straight, dividing at hwd of 
gonads; crura diverge and continue ventrally lateral to gonads and acetabu¬ 
lum and forward beside oral sucker, turn backward, narrow greatly, and par¬ 
allel themselves back to level of gonads where they subdivide; one branch 
continues almost to ])osterior end of body proper. 

Ten immature specimens (rudimentary gonads and no eggs) had a total 
length of 1.474 to 3.792 and were widest at acetabular level. 

Comparisons: The length of the pars prostatica (almost four times the 
length of the seminal vesicle) and its posterior extent (posterior to the 
seminal vesicle and almost to the ovary) distinguish L. chiiif/l from all other 
species of T.ecitltocladiifni. The vitelline lobes are unusually long and sinuous. 
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and they extend from a pair of well developed vitelline masses. The alter¬ 
nately anterior and posterior course of the excretory vesicle in the ecsoma is 
undescribed and is not figured for any other species, nor is the narrow, 
posterior extension of the lateral ve.ssels. 

L. chingi seems most similar to L. viagriacctabulum Yam., 1931 (syn. L. 
pagrosovii Yam., 1934). The body size, egg size, location of the ecsoma in¬ 
vagination, and proximity of seminal vesicle to acetabulum seem closer to 
the description of L. pagrosonii. The sucker ratio of L. chingi (1:1.0-1.3) may 
be smaller, but it may overlap the ratio for L. magnucetahnlum (1:1.2-1.55). 
The pars prostatica of L. magnacetahulum may loop backward but only 
partially overlaps the seminal vesicle, and its total length is not longer than 
the seminal vesicle. 

Yamaguti (1958:280) questioned the identification of L. magnacctabnlum 
from New Zealand by Manter (1954), pointing out that an egg-size range 
of 19 to 30 by 9 to 15 is too great for a single species. Three specimens of 
the New Zealand material were available for restudy. The size range re¬ 
ported is, in fact, misleading. The normal range, or at least the range of 
eggs selected as typical or normal, seems to be 20 to 26 by 11 to 14. There was 
slightly greater variation, but the smaller eggs were clearly abnormal with 
extra thick shells and eggs of 26 to 27 microns had thinner shells. These 
three .specimens were clearly a single species. This correction does not help 
to identify the species since the egg size is exactly between that reported for 
L. viagnacetabnlum and L. pagrosomi. The size of the acetabulum of the New 
Zealand specimens is more like that of L. pagrosnmi. In view of the tendenej^ 
toward instability of egg size, we still believe L. pagrosonii should be con¬ 
sidered a synonjmi of L. magnacetabulnm. 

SuBPAMiiiY Lecithasterinae Odiiner, 1905 
(syn. Derogenetinae Odhner, 1921) 

Hemiurids without ecsoma; without cuticular plications; with vitellaila 
unlobed, lobed, digitate, or with seven separated parts. 

Aponurns acanthiiri, n. sp. (Fig. 8) 

Host: Acanthnrns sandvicensis (Streets), manini or convict tang (Acan- 
thuridae, surgeonfishes) ; 1 specimen from 56 hosts. 

Locx-vtion : Stomach 

Holotype: U. S. Nat. Mus. Helminth. Coll., No. 39170. 

Description : Body elongated, more or less cylindrical, smooth, without 
ecsoma, 1.822 long by 0.322 wide, widest immediately posterior to acetabulum 
and posterior to ovai’y; both ends rounded. Oral sucker 0.154 wide by 0.134 
long; mouth ventral, surmounted by preoral lobe. Acetabulum in second 1/5 


PLATE II 

Fig. 8. Aponurus acanthuri from Ac-anth itnts sand viceii.sis, holotype; ventral 
view. 

Fig. 9. Gvnolinea lobata from Acantlmrus sandvicensis, holotype; ventral view. 

Fig. 10. a-e. G. lobata from A. sandvicensis, 3 paratypes; views of ovary with 
vitellaria. 

Fig. 11. Lecithochirknn microstonvum Chandler, 1935, from Dascyllus albisella; 
ventrolateral view. 

Fig. 12. L. microstomum from D. albisella; ventral view with ecsoma retracted. 

Fig. 13. L. microstomum from Chaetodon anriga; ventral view with ecsoma ex¬ 
tended. 
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of body length, 0.225 wide by 0.214 long, jipc'vture rounded. Sucker ratio 
1:1.5. Pharynx 0.060 long by 0.087 wide; esophagus short; ceca relatively 
wide with irregular margins, extending to near posterior end of body where 
tips tui'n anteroventrally and end blindly. 

Testes separated bj' uterus, diagonal, rounded, 0.096 to 0.107 long by 0.115 
to 0.120 wide, near niidbody, anterior testis 0.255 posterior to acetabulum. 
Seminal vesicle preacetabular, saccular, small, about 0.080 long by 0.048 
wide. Pars prostatica swollen and vesicular, small, about 0.040 in diameter, 
surrounded by prostatic cells; pars prostatica joins uterus at base of sinus 
sac. Sinus sac globular containing only the hermaphroditic duct; genital 
atrim lacking. Genital pore at level of intestinal bifurcation, quite probably 
median. 

Ovary posttesticular, median, ovoid, 0.114 long by 0.155 wide. Seminal 
a’eceptacle elongated but smaller than ovary, to left of ovary. Vitellaida 
composed of seven rounded to oval bodies 0.048 to 0.064 long by 0.048 to 
0.080 wide, arranged in two horizontal rows (4 anterior and 2 posterior) or, 
differently interpreted, two contiguous groups of 4 and 2 (4 right and 2 left) ; 
anterior vitellaria contiguous with ovary. Uterus narrows dorsal to acetabulum 
but no metraterm differentiated. Mature, uncollapsed eggs measure 21 to 24 
by 12 to 14, but collapsed eggs measure 29 to 22 by 16 to 19. Excretory pore 
terminal; anterior extent of vesicle not determined but, judging from the 
distribution of refractive granules, the crura joins dorsal to the oral sucker. 

Disoussiox : This species is more elongate than other species in the genus. 
It is distinctive in that uterine coils occur between the testes and also between 
the testes and ovary so that no two of these organs are contiguous. Tliis 
condition occurs to some degree in A. rnjuagris Yam., 1952 which differs in 
that the ceca do not extend posterior to the uterus, the vitellaria are not hori¬ 
zontally ai’ranged, the testes are moi’e symmetrical, and the eggs are somewhat 
larger. 

(ienolinea lohata, n. sp. (Figs. 9-10) 

Host: A caiithiirKs saiKlricoisis (Streets), manini or convict tang (Acan- 
thuridae, surgeonfishes) ; 4 specimens from 2 of 56 hosts. 

Loc.vtiox : Stomach 

HonoTYim: U. S. Nat. Mus. Helminth. Coll., No. 29169. 

Desciriptiox' (based on 4 specimens) : Body small, without ecsoma, 1.424 
to 2.252 long by 0.268 to 0.248 wide at acetabulum and most of hindbody, 
forebody slightly tapered, both ends rounded. Oi'al sucker 0.115 to 0.144 wide 
by 0.088 to 0.121 long, embedded in body with a rim of body wall around 
mouth, rim thicker dorsally. Acetabulum about fi’om anterior end, 
rounded, 0.192 to 0.225 wide by 0.172 to 0.221 long, aperture horizontal. 
Suckei’ ratio 1:1.6 to 1.7. Pharynx 0.051 to 0.074 long by 0.064 to 0.080 wide; 
esophagus narrow and short; ceca widen immediately at bifurcation, turn and 
extend to lu'ar postei’ior end of body, end blindly. 

Testes diagonal, separated from acetabulum and from each other by uterus, 
rounded to oval, 0.112 to 0.168 long b}' 0.126 to 0.202 wide; seminal vesicle 
tubular, slender, coiled once or twice, preacetabular; pars prostatica expanded 
into small, rounded prostati(‘ vesicle, surrounded by numerous, small prostatic 
cells; sinus sac short, containing muscular hermaphorditic duct; genital pore 
nu'dian to submedian at level of intestinal bifurcation. 

Ovai'y oval, 0.112 to 0.198 long by 0.147 to 0.205 wide; seminal receptacle 
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elongate oval, dorsal and partly anterior to ovary, 0.201 to 0.248 long by 0.136 
to 0.160 wide; vitellaria two, innnediatelj- postovarian, diagonal to syinnu'tri- 
cal, contiguous, variously lobed (Figs. 9-10), 0.128 to 0.200 long by 0.120 to 
0.203 wide; uterus descends almost to tips of ceca (but not beyond) and 
ascends dorsally, separating gonads and expanding between antculor testis and 
acetabulum, narrowing dorsal to acetabulum and joining pars prostatica at 
base of sinus sac. Eggs 27 to 32 by 14 to 18. 

Excretory pore terminal, excrttory crura extend forward to oral sucker, 
turn somewhat backwards and medianly, and seem to terminate dor.sal to 
pharynx without joining. 

G. lohata is named for the lobed condition of the vitellaria. 

Discussion ; This species has all the generic characteristics of GenoUnea 
except the ''unlobed, tandem or slightly diagonal vitellaria” and the branches 
of the excretory system uniting dorsal to the pharynx. It seems to us that a 
new genus would be unjustihed, and for the present the species is added to 
GenoUnea in which it is the only species with lobed vitellaria. 

G. lohata resembles G. manteri Lloyd, 1938 but differs in smaller sucker 
ratio, smaller eggs, moi'e anterior seminal vesicle, and the embedded oral 
sucker. In the latter respect G. lohata resembles G. ampluclena Manter & 
Pritchard, 1960 (also from Hawaii), but the prostatic vesicle is less well 
developed, the sucker ratio is smaller, and the eggs are shorter. 

Hysterolecitha tinkeri Manter & Pritchard, 1960 

Host: Chaetoclon fremhlU Bennett (Chaetodontidae, butterfly fishes); 2 
specimens from 1 of 17 hosts. New host record. 

Location ; Intestine 

Leelthaster f<tellat)is Looss, 1907 
Synonym ; Jjecithaster saiiori Yamaguti, 1938 

Hosts (both new records) : Acantharas olivaceafi (Bloch and Schneider), 
na’ena’e (Acanthuridae, surgeonfishes) ; 1 specimen from 1 of 15 hosts. 

A. .‘^andvieeiisis (Streets), manini or convict tang (Acanthuridae, surgeon- 
fishes) ; 3 specimens from 2 of 56 hosts. 

Location : Stomach and intestine 

Specimen DEPOsrnm: U. S. Nat. Mus. Helminth. Coll., No. 39175. 

Brief description of Hawaiian specimens: L246 to 1.628 long by 0.375 
wide (0.436 to 0.623 deep) ; oral sucker 0.114 wide by 0.094 to 0.141 long; 
acetabulum 0.241 wide by 0.201 to 0.275 long; sucker ratio 1:2.1; pharynx 
0.063 to 0.080 long by 0.070 wide; seminal vesicle 0.121 to 0.201 long by 
0.091 to 0.147 wide; eggs 13 to 16 by 8 to 11. 

Discussion : These specimens agree with the descriptions of L. stellatxf! as 
given by Looss (1907) and Yamaguti (1934, 1953). The pars prostatica 
is less S-shaped in the Hawaiian specimens. 

Yamaguti (1938) described Tjeclthaster t<aiiori from the large intestine of 
Hyporhampns sajori (Temm. & Schleg.) in Lake Hamana, acknowledging 
that “except for measurements this species is hardly distinguishable from 
Leeithaster stellatas Looss, 1907, but I would regard it as distinct in view of 
its habitat.” The larger size of the Hawaiian specimens brings the measure¬ 
ments of L. stellatas even closer to those of L. sayori, and the wide vailetv of 
hosts reported for Jj. stellatas reduces the relative importance of “habitat.” 
We consider L. sayori a synonym of Tj. stellatas. 
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Subfamily Lecithochirtinae Luhe, 1901 

Hemiurids with eesonia, non-plioated cuticula, and eoiiipact or digitate to 
winding vitellaria. Manter and Pritchard (1960) listed 17 genera in this 
subfamily. Pour others should have been included: Anahcmiurus Manter, 
1947; Erilcpturus Wooleock, 1935 (Syn. Uterovetti^udiiriis Skrj. & Gusch., 
1954); Mecoderus Manter, 1940; and Tiibvlovefticiila Yam., 1934 (Syn. 
Lecithuriis Pigulewsky, 1938). 

The above concept of tlie Leeithoehiriinae does bring together two more or 
less distinct groups of genera : those resembling the Dinurinae in having a 
postacetabular seminal vesicle and long winding vitellaria; and those more 
like Sterrhurus in having the seminal vesicle preacetabular or dorsal to the 
acetabulum and shorter vitellaria. 

Yainaguti does not consider the cuticular plications as a generic cliaracter. 
He named (1934) three species which, although smooth-bodied, he placed 
in Ec.te'inirus {E. hamaii, E. paralichtliiidE, E. platycephali). We believe 
these belong in the genus Erileptiinis Wooleock, 1935 as already indicated 
for the first two by Manter (1947). All three of these species showed a uterine 
swelling immediately befoi’e the union with the pars prostatica, altliougli it 
was inconspicuous in E. platiicephali. Skrjabin and Guschanskaja (1954) 
recognized the genus Erilepturus but named Uterovesiciihini.'^ for the three 
species with the uterine swelling. As will be noted bdow, we found this 
charactei' to be of inconstant appeai’ance within a single species {Tiihii- 
lovrf^ifiihi angusticanda). Ul(;roi'(\siculuriis is therefore considered a synonym 
of Erilcplurus. Erilepturus platgcephali (Yam., 1934) is a new combination. 

Leeithochirrum mugnuporum Manter, 1940 

Host: JDactyloptena orientalis (Cuvier & Valenciennes), lolo-’oau (Dacty- 
lopteridae) ; 6 specimens from 1 of 3 hosts. New host and distribution record. 

Location : Stomach 

Specimen deposited: U. S. Nat. Mus. Helminth. Coll., No. 39174. 

Brief description of Hawaiian specimens: Body 2.111 to 3.136 long (in¬ 
cluding ecsoma extended none to 0.503 beyond body proper) l)y 0.630 to 0.670 
wide; oral sucker 0.177 to 0.201 wide; acetabulum 0.409 to 0.469 wide; 
sucker ratio 1:2 to 2.4; preacetabular pit lai’ge, round, deep, and glandular; 
genital pore large, transverse, ventral to anterior part of pharynx with 
modei’ately conspicuous radiating muscles; seminal vesicle tilpartite (pos¬ 
terior parts only slightly divided) ; sinus sac 0.096 to 0.128 long l)y 0.120 to 
0.147 wide, containing tranversely oval, rounded, or pyriform prostatic vesicle 
and short, broad, muscular hermapliroclitie duct with longitudinally striated 
wall; thin-walled, transparent cells fill available space within sinus sac; eggs 
21 to 24 by 14 to 16 (collapsed eggs 19 to 24 by 10 to 14). 

Discussion: Montgomery (1957) reported L. magnaporum from La Jolla, 
California, adding that the specimens were larger (2 to 4.18 l)y 0.55 to 0.69) 
and had it larger sucker ratio (1:2.3 to 2.4). 

The Hawaiian material was comi)ared with 21 paraty])es of L. mugtiapnrum 
from the Galapagos Islands and differs principally in size, the somewhat less 
conspicuous radiations of the genital pore, the striated hermaphroditic, duct, 
and the larger eggs; but each diff’erence except body size is matched in one 
or more of the paratypes. The Hawaiian specimens are like the La Jolla 
specimens in size, but both collections ai'e othei’wise so similar to L. viagna- 
poruui from the Galapagos Islands that they are considered the same species. 
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L. australis M;uit('r, 1954 is a vory closely related species which differs in 
that the sinus sac is longer than broad and the genital pore is small, rounded, 
and without easily observed radiating muscles. 

Lecitliorliirium mif^rostomam Chandler, 1935 (Figs. 11-13) 

Hosts (all new host records) : Dascyllus alhisella Gill (Pomaeentridae, 
damselfishes) ; 46 specimens from 5 of 20 hosts. 

Chaetodon anriga Eorskal (Chaetodontidae, buttei'fly fishes); 5 specimens 
from 1 of 28 hosts. 

C. curalUcola Snyder (Chaetodontidae, butterfly fishes) ; 2 specimens from 
1 of 8 hosts. 

C. miliaris Quoy & Gaimard (Chaetodontidae, butterfly Ashes); 3 specimens 
from 2 of 43 hosts. 

Ilemitaurkhthys zoster (Bennett), (Chaetodontidae, butterfly fishes) ; 1 speci¬ 
men from 1 host. 

Bodianas biliimdatns (Lacepede), ’a’awa. (Labridae, wrasses); 1 specimen 
from 1 of 7 hosts. 

Location: Stomach; stomach and intestine; intestine. 

Specoiicns deposited: U. S. Xat. Mus. Helminth. Coll., No. 39173. 
Discussion : Published descriptions of L. microstomum based on collections 
I'rom various hosts in the Gulf of Mexico and the tropical American Pacific 
have increased the size range by decreasing the lower limits, i.e. body 1.5'' to 
4.8 long by 0.4* to 1.0 wide, oral sucker 0.125* to 0.200 wide, acetabulum 
0.;163* to 0.540 wide, sucker ratio 1:2.3 to 2.9*, eggs 16 to 24 by 10 to 13. 
Testes are as large or larger than the oral sucker, more or less diagonal, and 
th(“ anterior testis may be contiguous with the acetabulum or s('parated from 
it by one or two loops of the uterus. We believe (Manter & Pritchard, 1960) 
the species is characterized by a non-glandular or inconspicuously glandular 
prea.eetabular pit, vitelline lobes as long as wide or up to twice as long, a 
cylindrical to pyriform sinus sac containing a spherical prostatic vesicle and 
muscular hermaphroditic duet. The L. mierostomuni rejiorted from Pseudn- 
penens vraltifasciatiis in Hawaii falls within the above limits and agre('s with 
the specific diagnosis. 

These 58 specimens, like those from the Galapagos Islands, tend to b(‘ 
smaller (0.831 to 2.781 long by 0.281 to 0.838 wide) and have a smaller sucker 
ratio (usually 1:2.3 or 2.4 but two specimens each are 1:2 and 1 :2.5). The 
smallest specimens are probably progenetic. The sinus sac seems to be the 
more “opcm” type with some muscle strands converging posterior to the 
ju’ostatic vesicle and some strands continuing posteriorly into the parenchyma. 
The most conspicuous variation, however, is the consistently smaller size 
of the testes (smaller than the oral sucker), their immediately leostacetabular 
location, and their symmetrical, or practically symmetrical, relationship. We 
have reviewed more than 40 specimens of L. microstomum from the Galapagos 
Islands and Tortugas, Florida, and can confirm that all possess an easily 
observed rounded to pyriform sinus sac, and the large majority have large, 
more or less diagonal testes. 

Of nine specimens from Kiitliynuus alletterata at the Galapagos Islands, 
two have almost symmetrical testes, and three have testes slightly smaller 
than the oral sucker while two others have testes about ecpial in size to the 


*This niciisurenient indicated by scale accompanying Sogandnres-Bornal and Hutton’g 
(1959) figure. 
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oral sucker. Because of tliese intergradations, we feel at present that tlie 
differences are subspecifie. 

Lecitlioclnrium spiratesicnJatatum, n. sp. (Figs. 14-15) 

Host: Gymnotliorax nndidutus (Lacepede), puhi-lauinilo (Muraenidae, 
moray eels) ; 1 from 1 host. 

Location : Found in dish containing both stomach and intestine. 

Hoi.otype: U. S. Nat. Mus. Helminth. Coll., No. 39172. 

Description : Body elongate, with retracted ecsoma, 3.303 long by 0.858 
wide at level of acetabulum; both anterior and posterior ends slightly tapered 
and bluntly rounded. Proacetabular pit median, immediately anterior to 
acetabulum, non-glandular with transverese aperture. Forebody muscular, 
parenchyma vesicular. Oral sucker subterminal, rounded, 0.335 wide by 
0.322 long. Acetabulum about % body length from anterior end, rounded. 
0.583 wide by 0.603 long, a])erture longitudinally elongate. Sucker ratio 1:1.7. 
Pliarynx small, rounded, O.IOl long by 0.114 wide; esopliag'us inflated, thin- 
walled, 0.144 long by 0.160 wide; ceca inflated in forebody but muscular and 
contracted in hindbody, ending blindly anterior to base of ecsoma. 

Testes symmetrical, immediately postacetabular, small, 0.101 long by 0.107 
to 0.1.34 wide. Seminal vesicle tripartite, conspicuous constrictions separating 
parts; posterior part thin-walled, 0.281 long by 0.067 wide, lying oblicpiely 
along riglit anterior edge of acetabulum; middle part 0.194 long by 0.074 
wide with thin muscular wall 0.010 thick, lying anterodextrad to posterior 
part; anterior part directed medianly, 0.087 long by 0.0,54 wide with mus¬ 
cular wall 0.020 thick. Seminal vesicle joined to pars prostatica by thin- 
walled duct 0.053 long. Prostatic cells well developed; pars i)rostatica 
shoi't. Sinus sac i)yritorm, very muscular and tliick-walled, 0.235 long by 
0.114 wide. Prostatic vesicle consisting of a short and ovoid basal portion 
enclosed in thickened extension of sinus sac, and a tubular and spirally coiled 
part which expands anteriorly to form a rounded anterior end (Fig. 15). 
Hermapliroditic duct muscular, about 0.152 long, slig’htly sigmoid, extending 
to genital pore. Genital pore round, small, muscular, ventral to esophagus. 

Ovary rounded, 0.161 long by 0.147 wide, immediately posterior and slightly 
lateral to right testis. Vitellaria median to ovary, seven elongate lobes 0.168 to 
0.235 long and about % wide, joined at bases and spreading in vai’ious 
directions. Uterus descends to base of ecsoma; metraterm straight, beginning 
at level of anterior margin of acetabulum, entering base of sinus sac, ex¬ 
tending alongside prostatic vesicle, and into hermaphroditic duct directly 
anterior to prostatic vesicle. Eggs yellowish, 18 to 21 by' 10 to 16 (both 
collapsed and non-collapsed eggs). 

Excretory vesicle sinuous, extending more or less medianly to posterior edge 
of acetabulum where it divides; crura extend forward and seem to meet 
dorsal to oral sucker. 

DisC'I'SSION : L. ‘^plrarfsictilatxm can be separated from all other species of 
Lecithocliirium- by^ the coiled posterior part of the prostatic vesicle, a 
chai’acter easily observed even with low magnification. The thick muscular 
wall of the sinus sac, the enclosure of the posterior part of the prostatic 
vesicle with the wall of the sinus sac, and the muscular walls of the two an¬ 
terior parts of the seminal vesicle are likewise unreported in the genus. These 
latter characters appear in a species of Stcrrlinrus from Cirrliitxs altcDiatiis 
described below. 
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PLATE III 


Pig. 14. Lccitliocliirium spiravesiculaPum from Gymnothorax undulaivs, liolo- 
type; ventral view. 

Pig. 15. L. spiravesiculatum, liolotype; ventral view of terminal genital duets. 

Pig. 16. StcrrhuTus cirrMti from Cirrliitus alternatus, liolotype; ventral view. 

Pig. 17. S. cirrliiti, liolotype; ventral view of terminal genital ducts. 

Pig. 18. Tnl)ulovesicnla angusUcmida (Nicoll, 1915) Yam., 1934, from Conger 
cinercus; ventral view. 

Pig. 19. T. angnuticanda from C. cinerens; ventral view of terminal genital 
ducts showing uterine swelling. 

Pig. 20. T. angusticauda from C. oinereus; ventral view of terminal genital 
ducts showing uterine sphincter muscle. 
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Stf^rrhurus cirrliiti, n. sp. (Figs. 16-17) 

Host: Cirrhitus alternatus Gill, po’o-paa or o’opu-kai (Cirrliitidac, hawk^ 
fishes) ; 1 specimen from 1 of 4 hosts. 

Loc-A-TIOX : Digestive tract. 

Holotype : U. S. Nat. Mus. Helminth. Coll., No. 39171. 

Description : Body proper 2.513 long by 0.737 wide, widest at base of 
ecsoma and only slightly narrower at level of acetabulum; anterior end 
tapered and rounded, posterior end rounded. Only a short, broad portion of 
ecsoma with longitudinal folds appears to be protrusible (Fig. 16) ; anterior 
portion of ecsoma sinuous with numerous, deep, transverse folds, connecting 
with thin-walled excretory vesicle near middle of hindbotly. Numerous, minute, 
black granules seem to occur in tissues (rather than lumen) of both portions 
of ecsoma; somewhat larger granules occur in excretory vesicle. No excretory 
pore could be seen. Forebody muscular; parenchyma vesicular. Oral sucker 
subterminal, rounded, 0.221 wide by 0.191 long. Acetabulum about Vi body 
length from anterior end, 0.442 wide by 0.436 long, aperture rounded. Sucker 
ratio 1:2. Pharynx rounded, 0.083 long by 0.087 wide, esophagus muscular, 
0.072 long by 0.046 wide; ceca muscular and somewhat contracted, sinuous, 
ending blindly lateral to base of ecsoma. 

Test(‘s diagonal, separated by uterus; right testis immediately postacetabu- 
lar, transversely elongated, 0.082 long by 0.149 wide; left testis rounded, 
0.152 long by 0.112 wide. Seminal vesicle tripartite; posteiior part saccular, 
0.096 long by 0.050 wide, overlapping anterior edge of acetabulum; middle* 
part small, about 0.040 in diameter; anterior part rounded, about 0.067 iu 
diameter with very muscular wall 0.013 thick; a spacious, thin-wallefl, 
S-shaped duct about 0.096 long leads from vesicle to pars prostatica. Pars 
prostatica 0.056 long by 0.040 wide, lined with clear cells and enclosed by 
muscles of sinus sac. Prostatic vesicle round, 0.048 long by 0.059 wide, lined 
by vesicular cells. Hermaphroditic duct wide, extending to genital pore. Sinus 
sac i-ounded, 0.120 long by 0.080 wide with very muscular wall; postei'iorly, 
muscles enclose pars prostatica and admit metratei'in. Prostatic gland cells 
doi’sal and lateral to posterior part of sinus sac, well developed. Genital pore 
a transverse slit ventral to pharynx. 

Ovai-y transversely oval, 0.120 long by 0.181 wide, postei'ior to left testis, 
median edge lying on median line. Vitellaria immediately postovarian, right 
group with 4 lobes and left one with 3, lobes no longer than wide. Uterus 
descends medianly a short distance behind vitellaria, ascends to right of 
ovary, and crosses to left diagonally between testes; metraterm begins at an- 
tei'ior edge of acetabulum, follows seminal vesicle venti-ally to median line, 
and turns anteriorly. Eggs yellowish, 16 to 21 by 10 to 12. 

Exci'etory vesicle sinuous, more or less on median line, dividing at posterioi' 
edge of acetabulum, crura extending anteriorly lateral to ceca and joining 
dorsal to pharynx. 

Disorssiox : This species is most like S. lotrllac Manter, 19.54 from tlie 
southern hake of New Zealand, resembling it particularly in tbe presence of 
a tbick-walled antei'ior portion of tbe seminal vesicle and tbe rounded, 
muscular sinus sac. It differs, however, in that the oral sucker is smaller, the 
genital pore is somewhat more anterior, the pars prostatica is enclosed by tbe 
muscle fibers of tbe sinus sac, the eggs are slightly wider, the vitelline lobes 
ai’c shoi’ter, tbe acetabulum is slightly more anterior, and the ceca do not enter 
the ecsoma. No meti’atern) was mentioned for* S. loidlac. 
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T'uh'ulovesicula ungitsUcuiula (Nicoll, 1915) Y'am., 1934 (Figs. 18-20) 

Host: Conger cinereiis Ruppell, white cel or puhi-uha (Congridae, conger 
eels); 2 specimens from 1 of 42 hosts. New distribution record. 

Location : Stomach 

Spkcimbn deposited: U. S. Nat. Mus. Helminth. Coll., No. 39177. 

Brief description of Hawaiian sjiecimcns: Total length 4.891 to 6.010, 
width 1.005 to 1.206. Oral sucker 0.362 to 0.382 wide; acetabulum 0.610 to 
0.683 wide; sucker ratio 1:1.7 to 1.8. Seminal vesicle begins ininiediatel}^ 
posterior to acetabulum; one or two bends in posterior part, but anterior 
half straight and narrow. Pars prostatica begins at level of anterior edge of 
acetabulum, surrounded by thick, uninterrupted layer of prostatic cells; joins 
uterus at base of sinus sac. Hermaphroditic duct large, muscular, narrowing 
miflway and then enlarging like a funnel; posterior part of funnel bears 
minute papillae while anterior part has pronounced circular muscles and is 
honiolog of genital atiiuni (Figs. 19-20). Vitellaria in 2 groups of 3 and 4 
lobes joined by a narrow duct immediately posterior to ovary. An inconspicu¬ 
ous s])hincter muscle occurs near anterior end of uterus; when sphincter 
is constricted, tube anterior to it enlarges (Fig. 19). Eggs yellowish, 34 to 
43 by 18 to 24. 

Discussion : A genital atrium is described for this species by Yaniaguti and 
by Manter and appears to be a generic character. In all New Zealand speci¬ 
mens (25) of T. angiisliraiifla this atrim is short and wide and possesses 
strong' semicircular muscles along its ventral side; the wall of the sinus sac 
narrows at its base. The Hawaiian specimens also show the ventral muscles, 
but the wall of the sinus sac continues to the wide; genital pore without con¬ 
striction (Figs. 19-20). 

The uterine, swelling in front of a s]ihincter muscle near the sinus sac seems 
to be another unreportc'd variation in T. angusticaiula. This condition 
characterized the genus Uterovesiciilurns (syn. of Erilepturus). We find that 
the swelling is visible in about one third of the specimens from New Zealand. 
The sphincter muscle is inconsiDicuous at best and probably has been 
overlooked. 

The Hawaiian specimens are like the New Zealand specimens in sucker 
ratio, extent of the pars prostatica, and the ^losition of the seminal vesicle. 
They differ in egg size, except for the single specimen from Conger conger 
with which the egg size is very similar. As pointed out by Sogandares- 
Bernal (1959), egg size is a “rather variable” character in species of 
TuhulovcSimla. In T. lindbergi (Layman, 1930) Y^am., 1934, the egg size is 
reported as 18 to 42 by 12 to 29; in T. angnsticauda, 26 to 46 by 18 to 29. 

In addition to egg size, the Hawaiian specimens also resemble the specimen 
from Conger in New Zealand in that the male duct is straight dorsal to the 
acetabulum, whereas in specimens from other New Zealand hosts this tube is 
sinuous. These differences are not considered specific, but it is notable that 
the Hawaiian specimens are most similar to the specimen from the conger eel 
in New Zealand. 

Sogandares-Bernal recognized only 4 species of Tnlrulovescicnla : T. angu- 
sticaudri; T. lindbergi; T. magnacetabnlicm Yam., 1939; T. pingnis (Linton, 
1940) Manter, 1947. The latter 2 species have been reported only from the 
type localities; T. rnagnacctQbnlnni from a single host in Japan, T. pingns 
from a variety of hosts at Woods Hole. T. lindbergi and its numerous syno- 
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nyms have been reported from various hosts in the American Pacific, Japan, 
the Red Sea, the Atlantic oft Morocco, and the American Atlantic oft Panama. 
T. ungusticauda is, so far. Pacific in distribution being reported from Aus¬ 
tralia, New Zealand, the Celebes, and Hawaii. 

Summary 

Described are one new genus, Diiosplihicter, and 6 new species: B. zancli, 
Aponuriis acanthuri, GenoUnea lobata, LecitJiocJiirium chingi, L. spiraresicii- 
latnm, Sterrhiinis cirrJiiti. 

The following synonyms are proposed: Parectenurus Manter, 1947, syn. of 
Ectenuriis; Uterovesiciduriis Skrj. & Gusch., 1954, syn. of Erilepturus; 
Lecithuster sayori Yam., 1938, syn. of L. stellatiis Looss, 1907. 

The following new combinations are proposed: Er.tennriis aviericanits 
(Manter, 1947) for Magnucetabidum americanitvi; Ectenurits leiogiiathi 
(Yam., 1953) for M. leiognathi; Erilepturus platycepliali (Yam., 1934), for 
Ectennrus platycephali. 

New host records are reported for Hgsterolecitlia tinkeri and LecitbocMrium 
microstomnm. 

Pour speies are reported for the first time from Hawaii: Ecteuurus 
lepklits; Lecithaster steUcdns- Lecithocliiriuvi magitaporum; Tubidoresicula 
ang'usticauda. New host records are reported for all except T. ungusticauda. 

Literature Cited 

IjOOSS, a. 1907. Bcitilige zur Systeniafik der Distomeii. Zuv Kcimfiiis der Fainilie 
Hcmiuridac. Zool. Jalirb. Syst. 26: 63-180. 

Manter, H. W. 1947. The digeiietic trematodes of marine fishes of Tortugas, 
Florida. Am. Midland Naturalist 38: 257-416. 

——-—. 1954. Some digenetic trematodes from fishes of New Zealand. Tr. 

Roy. Soc. N. Zealand 82: 475-568. 

-and Pritchard, M. H. 1960. Some hemiurid trematodes from Hawai¬ 
ian fishes. Proc. Helminth. Soc. Washington 27: 87-102. 

Montgoaiera', W. E. 1957. Studies on digenetic trematodes from marine fishes of 
La Jolla, California. Tr. Am. Micr. Soc. 76: 13-36. 

Skrjabin, K. I. and Ghschanskaja, L. K. 1954. Suborder Hemiurata (Marke- 
vitsch, 1951) Skr.iabiu et Guschanska.ia, 1954 (In Skrjabin, K. I. Trematodes 
of animals and man. Moskva, v. 9: 227-653). 

Sogandares-Bernal, F. 1959. Digenetic trematodes of marine fishes from the 
Gulf of Panama and Bimini, British West Indies. Tulane Stud. Zool. 7: 
69-117. 

-and Hutton, E. F. 1959. Studies on helminth parasites from the coast 

of Florida. IV. Digenetic trematodes of marine fishes of Tampa, Boca Ciega 
Bays, and the Gulf of Mexico. Quart. J. Fla. Acad. Sci. 21: 259-273. 
Vi;ASSENKO, P. V. 1931. (Zur Helminthofauna de Schwartzmeerfische) [Russian 
text; German summary] Trudy Karadag. Biol. Stantsii 4: 88-136. 

Yamaguti, S. 1934. Studies on the helminth fauna of .lapan. Part 2. Trema¬ 
todes of fishes, I. Japan. J. Zool. 5: 249-541. 

-. 1938. Studies on the helminth fauna of Japan. Part 24. Trematodes 

of fishes, Y. Japan. J. Zool. 8: 15-74. 

-—. 1953. Parasitic worms mainly from Celebes. Part 3. Digenetic trema¬ 
todes of fishes, II. Acta Med. Okayama 8: 257-295. 

-. 1954 (1953). Systema helmiuthum. Part I. Digenetic trematodes of 

fishes. Tokyo, 405 pp. (issued Jan. 10, 1954). 

-. 1958. Systema helminthum. Vol. 1. The digenetic trematodes of 

vertebrates. Parts I and II. Interscience Publishers, 1575 pp. 


Copyright © 2011, The Helminthological Society of Washington 




Jul.y, 1960] 


HP^LMINTHOLOGICAL SOCIETY 


181 


Two New Species of the Genus Paruterina Fuhrmann, 1906, 
from Passeriform birds in Southern Rhodesia. 

David F. Mettrick* 

During a survey of the helminth parasites of Bhodesian birds, two siiecios 
of the genus Fariitcrina Fuhrmann, 1906 (Paruterininao Fuhrmann, 1907: 
Dilepididae Bailliet & Henry, 1909), were recovered, which appear to be new. 

Paniterind, .eyoahmus/sy n. sp. 

(All measurements in millimeters unless stated otherwise). 

Description : Small worms, maximum length 27, maximum width 0.64. 
Diameter of seolex 0.31-0.3.5; retractile rostellum 0.08 wide by 0.05 when 
extended; armed with a double row of 48 hooks 18.5-19.5 microns long. Four 
suckers 0.14-0.15 wide bj' 0.12-0.13. Mature segments slightly longer than 
wide; typical one 0.39 wide by 0.41. Gravid segments wider than long; 
Hpical one 0.62 wide by 0.53. 

Osmoregulatory system of usual pattern. Ventral canals 9-10 microns in 
diameter; dorsals 2-3 microns in diameter. 

Genital pores alternate irregularly, ojien on a iirotuberance in middle of 
lateral margin of each segment. 

Testes 6-10 in number, 0.044-0.052 in diameter, imstovarian, and slightly 
lateral to ovary. Cirrus sac, 0.079-0.084 long by 0.026-0.028, runs forward 
from genital atrium, contains an unarnu'd cirrus and a .slightly coiled vesicula 
seminalis. Vas deferens coiled, nari-ow, in anterior jiart of segment. 

Vagina straight, thin walled, 14 microns in diameter, opens into genital 
atrium posterior to cii’rus sac. Small spherical receptaculum seminis. Ovary 
bilobed in posterior half of segment. Vitelline gland compact, [)ostovarian 
and ventral in position. Uterus appears first as a small spherical sac between 
ovarian lobes and just anterior to them. Latei- assumes sha[)e of inverted U. 
Paruterine tissue develops anterior to gravid ntc'rns. 

No fully gi'avid segments seen. Eggs 24-28 mici'ons in diametei'. 

Host: Black Cnckoo-Slnlke, Cawpcphaga phoriricd Latham. 

Location : Intestine. 

Locality: Zambesi Valley. 

T 3 ’i)e to be deposited in the British Museum (Natural History), London. 

Discussion : T^nfortunately the material examined was not fully gravid, 
so that it is impossible to stab' definitely that the eggs pass into the paruterine 
organ. 

It is proposed to place this new form in the genus Farntcrma, because of 
the obvious affinities to species already in that genus. According to Daly 
fl958) there are 19 species in this genus, but Yamaguti (1959) lists a further 
five species, namely P. idmiciila Spasski, 1946, P. ratischi Freeman, 1957 and 
P. gurridae, P. liyghisi.ca and P. skrj/ihini all ascribed to Matevosyan, 1950. 
The reference given by Yamaguti to Matevosyan is in fact a summary of a 
doctorate thesis (apparently not published), and no mention of these species 
appears in the appropriate volumes of Helminthological Abstracts or Zoo¬ 
logical Record. Also compared with Daly’s list of species Yamaguti omits 
P. purpurata (Dujardin, 1845), and adds P. melicrax which was transferred 
to the genus Cladotaenia by Fuhrmann and Baer in 1943 (Not 1944 as given 
by Yamaguti). Thus, there are 21 species in this genus described previous 

■•'"DRpavtmont of Zooloffy, Univetsity Collogo of Rliodosia and Nyasaland, P. Bai;- 167 H, 
Salislnn-y, Southern lUiode.sia 
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to the two herein described. P. zavibiensis is separated from P. aiujustatu, P. 
gliineensis, and P. southwelli having irregularly alternating genital poi’os. 
It is distinguished from the other 18 species primarily by the size, shape and 
number of the hooks, the number and size of the testes, size of the cirrus sac, 
and arrangement of the paruterine organ, and particular!}' from P. cuit- 
delabraria, 40-46 hooks, 54 microns and 35-37 microns long, 24 testes; P. 
clilornrae, 40-42 hooks, 16 microns and 20 microns long, 10-12 testes; P. 
choloclkowski, 50-60 hooks, 16-18 microns long, 16-18 testes; P. javanica, 44- 
48 hooks, 25-28 microns long, 8-10 testes; P. nwrgani, 34-36 hooks, 40 microns 
and 66 microns long, 15-18 testes; P. otidis, 42 hooks, 57 and 41 mici'ons 
long, 15 testes; P. regnoldsi., 44-48 hooks, 33 microns and 21 microns long. 



Plate I. Paruterina zambicmi>«, n. sp. 

Pig. 1. Scolex; Pig. 2. Rostellar hooks; Pig. .3. Mature segemnt; Pig. 4. Gravid 
segment. 
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12-14 testes; and P. vesicuUgera, 50 hooks, 20-26 inierons and 35-46 microns 
long. 

Paruterina pentamyzos^ n. sp. 

(All measurements in mm. unless stated otherwise). 

Description : Small worms, luaxiinum length 58, maximum width 1.3. 
Diameter of scolex 0.447; retractile rostellum 0.256 wide, when extruded has 
an aiiieal sucker-like structure 0.182 in diameter; armed with double row of 
42 hooks 0.080-0.082 long. Four suckers 0.133-0.142 in diameter. Mature 
segments wider than long; typical one 0.62 wide by 0.38 long. Typical gravid 
segment 1.13 wide by 1.13 long. 



0-05mm 



Plate IT. raruferina pcniamyzos, n. sp. 

Pig. 1. Scolex; Fig. 2. Eostellar hooks; Fig. 3. Mature segment; Pig. 4. Gravid 
segment. 
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Osinorog'ulatory systoiii of usual pattern. Ventral canals 47 microns in 
diameter; dorsal canals 7 microns and transverse canals 11 microns in diam¬ 
eter. 

Genital pores alternate irregularly, open marginally just anterior to the 
mid line, and lead into a genital atrium. 

Testes 8-10 in number, 0.038-0.042 in diameter entirely postovarian. Cirrus- 
sac 0.196 long by 0.026 wide, runs forward from genital atrium, contains 
an unarmed cirrus, and a very thin coiled internal vesicula seminalis. External 
vesicula. seminalis 0.079 long by 0.047 wide. Vas deferens, 0.011 in diameter, 
coiled in anterior region of segment. 

Vagina 0.016 in diameter straight, thin walled. Keceptaculum seminis is 
a dilation, 0.035 in diameter near proximal end of vagina. 

Ovary bilobed in posterior half of segment. Vitelline gland 0.054 in diam¬ 
eter, compact, and postovarian. Mellis’ gland 0.028 in diameter. 

Uterus persistant; aiipears first as a central spherical sac, later rather horse¬ 
shoe shaped, and finaly dumb-bell shaped. Paruteriiie tissue develops in an¬ 
terior part of segment. Eggs 0.035-0.039 in diameter. Embryonic hooks 10-11 
microns long. 

Host; White Helmet Shrike, Vrrnop>< pliinuita palincepl}<tla Sliaw. 

Location ; Intestine. 

Locality; Salisbury area. 

Type to be deposited in the British Museum (Natural History), London. 

Discussion ; Although provisionally placed in the genus Paniterina, it is 
possible that this species should properly fall in a new genus. The eggs are 
fully formed, and the embryonic hooks present but it is possible that the 
material was not fully gravid, and that the uterus Mould finally break doMOi 
and the eggs pass into the jiaruterine organ. Further, although according to 
the geuei’ic diagnosis the uRutis should have the form of an inverted U in the 
material described above the uterus has a dumb-bell appearance, having 
passed through the inverted U form. Pending the examination of further 
gravid material it is proposed that this neM- species be placed in the genus 
Pdruterina M’ith which it has obvious affinities. 

It may be distinguished from all present species in this genus by the num- 
bei‘, shape and size of the rostellar hooks (see discussion on P. .tambiensis). 
In addition the number and size of the testes, and the ari'angement of the 
paruteriiie organ and the uterus may be considered. 

Both these species are the first representatives of the genus to be described 
from their respective hosts. 
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Studies on cysticercoid histology. II. Observations on the fully 
developed cysticercoid of Hymenolepis nana 
( Cestoda: Cyclophyllidea ). 

Marietta Vole and Donald Heyneman 

This report is the second in a series of papers on tlie histologic organization 
of tapeworm eysticereoids designed to determine tlie relationship of the larval 
structures in diffenmt species. 

Materials and Methods 

Cysticercoids of Hi/meiiolepis liana were grown in the confused flour 
beetle, Triboliinn confaniDn, which was maintained on enriched flour at 30°C. 
All observations reported here are based on cysticercoids from beetles dis¬ 
sected in normal saline one and one half months after they were infected. 
Live material was studied under phase and light microscopes. Cysticercoids 
were fixed in Bouin’s or Zenker’s fixative. Sections from paraffin-embedded 
material were cut at 7 or 10 microns. Stains used were Mallory’s aniline blue 
collagen stain (Gridlcy 1953), Mayer’s hemalum and Van Gieson’s collagen 
stain (Lillie 1954), Davenport’s protargol (Davenport, et aJ, 1939), and 
Gomori’s trichroiiu' as usc'd by Voge (1960). 

Description" 

The histologic oi'ganization of the cysticercoid of Ht/nteitolepis nana is 
presented in hgure 1, which shows a longitudinal section of the organism. The 
outermost layer, or external membrane, is thin and delicate and surrounds the 
whole cysticercoid. Beneath the external membram' there is a layer of circular 
fibers surrounding the body of the cysticercoid (hgs. 1, and 2a). Beneath the 
circular fibers is the fibrous layer which consists of longitudinal fibers and 
corresponds to the fibrous layi'r in the cysticercoid of 77. (Iminnta (Yoge, 
1960). Both the circular and the longitudinal fibers stain an intense blue with 
Mallory’s aniline blue stain, and pink to red with Van Gieson’s stain. The 
difference in oricmtation of the fibers in tlu'sc' two layers is shown in figures 
2a, b, and d. The arrangement of these fibers can be clearly obscn-ved in 
living material by pressing the scolex out of the surrounding tissues and ex¬ 
amining them under high power of the light microscope. Stained sections 
show no evidence of nuclei in the area of the circular fibers. However, the 
inuei- portion of tlie loni>itudinal fibrous layer contains many nuclei which 
stain red with Mallory’s aniline blue or with Gomori’s trichronu', and which 
can also be studied in silver stain ])reparations. Longitudinal sections through 
this fibrous layer rc'veal the presence of spindle-shaped and star-shaiied cells 
(Pig. 2, c) bearing fine, and in some instanci's very long protoplasmic extcm- 
sions which may be seen to connect with similar extensions from othei- cells. 
In this manner, a more or h'ss intricate network is foi'ined. In appearance, 

■'Erom the Dcpiii'tiiU'iits of I iifectiou.s Disease's and Zoology, I'liiversity of California, T.os 
.'Viigeles. 
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Figure 1. Frcc-liaiid drawing of tlie fully developed oystieercoid of Hymcnolcpis 
nana as observed in logitudiual sections: cf, circular fibers; cm, circular muscles of 
rostellar sac; cs, cuticle of scolex; em, external membrane; fl, fibrous layer; Ic, 
lining of cysticercoid cavity; Im, longitudinal muscles of rostellar sac; tp, tail 
parenchyma. 
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tliese cells resemble mesenchymal cells described for adult Fasciola hepatica 
(see Hyman, 195, Fig. 85), and fibroblasts from vertebrate tissue. While the 
circular fibers are confiued to the body of the cysticereoid, some of the longi¬ 
tudinal fibei's appear to extend into the tail, as will be described below. 

Beneath the fibrous layer is a. thin layer of elongate cells referred to as 
the lining of the cysticereoid cavity (Fig. 1 and 2, b, d). The equivalent of 
this lay(!r also occurs in H. dimimita (Voge, 1960) ; the staining reaction is 
similar in both specio's. Within the cysticereoid cavity is the scolex with sur¬ 
rounding tissues. These tissu(!s, which are a continuation of the scolex proper, 
are in contact with the living layer or wall of the cysticereoid cavity in living 
material. In sectioned material, however, there may be considerable shrinkage, 
so that a space is frequently seen between the wall of the cavity and the tissue 
surrounding the scolex (Fig. 1). 

The scolex is bordered by the cuticle which continues along the inside of 
the tissue around the scolex (Fig. 1), and consists of densely packed elongate 
cells. The prominent rostellar sack has two layers of muscle, an outer circu¬ 
lar layer oriented horizontally, and an inner longitudinal layer. Both layers 
may be seen in living as well as in sectioned material. The rostellum, which 
bears tlu' hooks, consists of densely pa.cked cells but apparently contains no 
muscle fibers. In living material, one can see that the tips of the hook blades 
are connected by a fine thread, or perhaps a membrane, which may serve to 
maintain rigidity of the crown as a whole. 

In living material one can observe two prominent accumulations of large 
granular bodies located laterally in the anterior portion of the cavity. These 
granules disappear upon fixation with acid fixatives; they are preserved in 
formalin-fixed material but are usually lost during sectioning and staining. 

The cysticereoid tail consists of two distinct areas; the terminal and peri¬ 
pheral ]Jortions consisting of an irregular network with deeply staining nuclei 
and referred to as the tail parenchyma. (Fig. I), and a central area which 



Figure, 2. Camera lucida drawings, a. Surface view of cysticereoid, showing 
orientation of circular fibers and the longitudinal fibrous layer boucath; b. Cross- 
seefion of tissues external to cysticereoid cavity; legend as in figure 1; c. Star- 
shaiu'd cell from section through inner portion of fibrous layer; d. Longitudinal 
section of tissues external to cysticereoid cavity; legend as in figure 1. 
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stains rather uniformly and heavily, containing few or no nuclei and many 
vacuole-like structures of ditferent sizes. In occasional sections, this central 
area stains blue with Mallory’s aniline blue, suggesting the presence of fibrous 
elements. Rarely a direct connection between the longitudinal fibrous layer 
in the body of the cysticercoid and the central portion of the tail was observed. 
However, individual fibrous elements could not be distinguished in the tail 
proper. The central j^ortion of the tail stains deeply and relatively uniformly, 
regardless of the stain employed. 

Studies on the origin and differentiation of the various layers and struc¬ 
tures s(>en in the fully developed cysticercoid are in progress. 

Discussion 

The histological organization of the cysticercoid of Htpueiiulrpift dimimUo 
(Voge, 1960) has been shown to be complex, particularly in the area, e.xternal 
to the cj^sticercoid cavity. The cysticercoid of H. naiia also consists of several 
well differentiated tissues, some of which ajiijear to be the equivalent of those 
observed in H. ditninuta. The ajipearance of the external membrane is similar 
in both H. di))ii)n(ta and H. iiana. However, the circular fibers beneath the 
external membrane in H. ucnia are very different from the hairy processc's in 
H. diminutu. Studies on the origin of both structures are necessary to deter¬ 
mine what relationship may exist between them. The haiiw processes and the 
prominent intermediate layer in II. diminuta have no counterpart in the fully 
developed cysticercoid of H. nana. In the latter, the longitudinal fibrous 
layer, corresponding to the fibrous layer in II. dinihinta, is situated beneath 
the circular fibers. This fibrous layer is adjacent to the cysticercoid cavity 
lining; the two structures are very similar in both species. The position and 
structure of the scolex and surrounding tissues inside the cavity are also 
comparable. One might speculate that in H. nanu the intermediate layer, 
which may have been present originally, disaiipeared as this sjiecies became 
capable of undergoing a relatively rajiid growth in the mammalian host. 
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The Black-head Disease of Bananas (Musa acuminata) 

Cr.iVE A. Loos and Sarah B. Loos* 

Cobb (1893) found nialos of tlio noniatodo, T/ileiichits similis (a synonym 
of liadopholiis sittiilis (Cobb, 1893) Thorno, 1949) in soil around diseased 
banana roots in Fiji. In 1915 he described both sexes and recorded the pest 
from banana rliizomes in Jamaica, W.I. and sugar (;ane roots in the Hawaiian 
Islands. Leach (1958) recorded the pest on Lacatan bananas in Jamaica, 
W.I. Scarseth and Sharvelle (1950) reported on ‘‘head rot” and “short roots” 
of bananas in Honduras, two maladies they attributed to nematode injui'y, 
though the nematode was not identified. Tayloi’ and Loegering (19;)3) found 
Prati/lettchns ttiiisi.cola (Cobb, 1919) Filipjev, 1936 in frequent association 
with root lesions of abaca or Manila hemp {Musa tc.rtilis Nee) ; R. siwilis was 
found but less commonly. Anon. (1957) and Loos (1957) described the 
symptoms associated with R. similis infection of Gros Michel and Cocos ba¬ 
nana roots and I’hizomes. Loos (1959) demonstrated, in pot experiments, that 
sevei'c infection with this nematode, while causing a highly significant reduc¬ 
tion in the root system of the banana, shortened the ]ieriod between inocula- 
of young Gros Michel plants with the fungus, Fusarium o.rpsporum f. cii- 
hetisc, and symptom expression of fusai'ium wilt disease. Loos and Loos 
(1960) reported that the inadequate anchoi'age afforded by a dei)letcd and 
severely lesioned root system, the result of R. sittiiJis infection, was responsible 
for tipping over and consequent loss in ci'op of first I’atoon banana plants. 
Stover and Fielding (1958). in a limited survey of banana areas in Honduras, 
recorded the nematodes found in association with Musa spp. 

Diseases caused by R. similis infections are bettei’ known as “spreading de¬ 
cline of citrus” in Florida. U.S.A. and “yellows disease of ]iepper” in Banka, 
Indonesia. “Black-head disease of bananas,” suggested by Ashby (1915), ap- 
]H- 0 |)riately describes the synq)toms in banana heads or rhizomes. 

Banana plants are generally spaced 11 ft. by 11 ft. apart but, in recent 
yc'ars on commercial ]ilantations, closer spacings for higlu'r plant populations 
have been attenq^ted. Bananas are herbaceous ])erennials with a sympodial 
I'hizome system in which horizontal growth of the syinpodium is slight. This 
tendency for rhizome sprouts to turn up to form new aerial stems close to 
the narent plant I’esults in a clumped “mat” or congregate of })lants. Gen¬ 
erally two plants are encouraged to a mat, the othei’s being pruned back 
occasionally. 

Primai’y roots are fleshy, up to two-thirds of one inch thick, and originate 
usually in groups of four at the junction between the central cylinder and 
cortex of the rhizome. These roots are restricted mainly to the upper foot of 
soil and may reach 17 feet in length (Simmonds, 1959). Fleshy lateral or 
secondary roots, of smaller diameter than primaries, are formed mainly at 
tlnnr distal portions (Summerville, 1939) and at damaged roots. Large num¬ 
bers of flue rootlets, seldom over two inches long, which have a relatively 
shoi't life and are continuously replaced, are produced on these thick fleshy 
roots. They originate at the junction between the tough central stele and 
cortex and pass through the width of the root cortex before being externally 
borne. 


■■'Respectively: Eornier Plant Pathologist and Xeinatologist. Chii-iqui Land Oo. (subsidiary 
of United Fruit Co.) Alinirante, Re]). Panaina. Row XeniatoloR'ist of the Banana Board of 
.lainaiea, Kingston Gardens, Kingston. .Taniaica. W. f.; and former Technical Assistant to 
the. Plant Pathologist and Xeniatologist. Chiriqui Land Co. Now of the faculty of Jamaica 
College, Kingston, Jamaica, W. I. 
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Disease Symptoms Associated moth li . shiiiUs 

Txfectioxs IX Roots: Tlie lUMiiatode outers a fleshy iiriniary or s(“eon(l:iry 
root close behind a root tip or via a rootlet. In the later mode of (‘iitry the 
nematode moves through and along the rootlet to pass into the cortical tissues 
of the large root, immediately above the tough central stele, near the rootlet 
origin. The track is clearly visible as a pink-red streak (Eig. 1-G). With 
growth of the colony and extension of its fec'ding area the pink-rc'd coloration 
extends imrallel with the stele and laterally through the width of the fleshy 
cortical tissues. Brown to black lesions, with slightly sunken centers and 
longitudinal cracks, up to four inches long and girdling the root are common 
on roots of heavily infected plants (Fig. 1-E). 

The characteristic internal symptoms of B. siwilis infections are best ob- 
sc'i'ved in lesions over one inch long if the root is split centrally and longi¬ 
tudinally through the infected region. Discolored tissue is restricted to the 
cortc-x and the central stele is white and healthy (Fig. 1-F). The advancing 
edge or perimeter of tlie lesion is pink-red or ivine color, with the aging 
c'enter brown to black. A streak of reddened tissues may extend one-half inch 
beyond the Ic'sion, in close contact with and parallel to the stele. While the 
internal structure of the discolored cell is destroyed the cell wall remains in¬ 
tact for some considerable time and the normal form of the root is retained. 
Final breakdown of the infected cortical tissues exposes the central stelc' to 
infc'ction with rot-causing organisms and the root heyond the Ic-sioned area 
is killed. This damage' stimulates production of a number of secondary roots 
immc'cliately above the damaged area (Fig. 1-B). Increased I'oot formation, 
may, at first, be benefic-ial to the plant but in time, with a build-up of the 
jiest population these new roots in turn become infected and are destroyed. 

Stc'iner and Buhrer (19.S.^) described B. siniilifi in the xylem tissue of a 
tc'a root. In banana roots the nematodes often lie* so close to the central 
cylimh'r that their position may be interpreted erroneously in a fairly thick 
tangental section. 

In lection generally spread from the “seed” rhizome and, since all roots 
originate from rhizomes, the majority of infections are confined to the vicinity 
of tlu' plant bowl. This results in shortened roots, 3 inches to 2 fec't long, a 
symi)tom which Rcarseth and Sharvelle (1950) mentioned. These shortened 
roots ar(' inadeciuate anchorage to the plant, which tips ov('r easily under wind 
pressure or from the leverage exerted by weight of d('veloping fruit (Fig. 
I-D). The de])th of the plant bowl in the soil has, however, a bearing on 
proneuess to tip over; ])lants with deep-seated bowls stand uj) more satis¬ 
factorily than shallow-set ones. 

Ix^EECTiONS OF RhizOiMES : B. infections of rhizomes cause black('n- 

ing of the e]iidermal tissues above the lesioned area. In large rhizomes this 
blackening may extend up to 4 inches in width and in small material, such as 
“sword” suckers, the entire rhizome epidermis may be involved. Epidermal 
])lack('ning is most consi^icuous in the Lacatan banana and it was this .symp¬ 
tom which Ashby (1915) termed “black-head disease.” 

The root of a banana nlant, in a larg(' rhizome, may pass through 3 to 4 
inches of rhizome cortex before being externally borne. B. similis enters the 
rhizome via a root (Fig. 1-H) or through a wound in the ei)id('rmis. Nema¬ 
todes in a root infected close to a rhizome, pass along the I'oot and into the 
rhizome cortex where they spread laterally and in depth to form tin* typical 
diffuse rhizome lesion. The lesion surrounding embedded roots is clearly visi- 
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i'io-. 1: A. Badoplioliis similis infected hniiana plant. Such plants are easily 
pushed over or topple over under wind pressure; B. Boot proliferation above point 
girdled with the nematode infection; C. Bhizome lightly pared of outer cortical 
tissues to show diffuse B. siinilis lesions surrounding the root origins; U. Banana 
])lants topi)led by wind jiressure. Note complete uprooting of the plant bowl; 
E. Lesioned primary roots of Lacatan banana; F. Split Lacatan roots showing 
death of cortical tissues; G. K. aimilis infection of a primary root. Note 1 shaped 
discoloration of the split root. The stem of the 1 is the rootlet throngh which the 
nematodes passed before turning at right angles to infect tissues parallel and close 
to the stele; H. Infection of rhizome cortc.x. The nematodes pass through the 
root and into the rhizome. 
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ble on lightly paring the outer cortical tissues of an infected rhizome (Fig. 
1-C). The lesion gradually becomes brown to black in the center but edges 
retain the characteristic pink-red colorations. The central black tissues often 
disintegrate with age, forming cavities suggestive of borer {Cosmopolites 
sordidiis Germar) galleries. The lesions are generally confined to the outer 
inch of the rhizome cortex though occasionally they may go down as deep as 
2^2 ii^ches. Frequently an infection may continue below the diffused lesion 
as a pink-red streak inside the cortex of the embedded root. 

The reddened areas are infected with all stages of the nematode whereas 
the blackened central tissues contain bacteria and fungi. Saprophagous nema¬ 
todes become abundant in tissues which are in the process of distintegration. 

All types of rhizomes, ranging from “button seed” to large “bull-heads” 
(Loos and Loos, 1960) are liable to infection. Dormant button buds, formed 
above ground level, are infected through roots which develop around their 
base during prolonged spells of wet weather and die back under drier con¬ 
ditions. 

Under adverse weather conditions lesions may become water soaked and 
tissues prematurely invaded by rot-causing organisms. When this occurs the 
nematodes evacuate the lesion and the pink-red perimeter disappears. 

Location' and Extraction of E. similis 

All stages in the development of this nematode are colonized in the red¬ 
dened tissues of the lesion and never beyond it. Large numbers may be ob¬ 
tained by teasing reddened tissiu's in a dish of water or by washing material, 
comminuted for about 20 seconds in a Waring blendor, through sieves. The 
specimens are found in residues on 200- and 300-mesh sieves. Larvae, juveniles 
and females removed in this manner are sluggish but may be induced to 
activity if the water, in which they are suspended, is aerated for a few hours. 
Males, on the other hand, are very active. Comparatively few specimens are 
recovered from banana soils but those in soil are generally active. 

Discussion 

Tlu' liehaviour of E. similis in different locations indicated the existence of 
physiological races of this nematode. The Gros Michel banana was grown, 
almost exclusively over the last few decades, in Almirantc, Republic of Pana¬ 
ma; infection was widespread and tip-overs abundant. During the writers’ 
stay there a consignment of Lacatan rhizomes was imported from Jamaica, 
W.I., to replant an old Gros Michel area which had succumbed to fusarium 
wilt disease. This Lacatan material was severely infected with E. similis, and, 
as was expected, there was widespread infection throughout the planted area 
12 months later. After 20 months many mats had toppled over during wind 
storms (Fig. 1-D) and surviving heavily infected plants could be recognized 
from the small stems (fruits) they bore. Those wcak-looking plants could be 
toppled over with a slight push or pulled down with a light tug on a leaf. 
During a series of laboratory expendments the writers failed to obtain satis¬ 
factory infections of (iros Michel plants with E. similis obtained from those 
Lacatan rhizomes. Similarly R. similis from Ciros Michel failed to infect 
Lacatan. On the other hand, using the same nematode concentrations, there 
was no difficulty in obtaining severe infections on Lacatan with the Lacatan 
strain and on (iros Michel with the Gros Michel strain. Similar specializa¬ 
tions are evident on the banana fields in Jamaica, though definite experimental 
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proof is still lacking. DuCharnie and Birchficld (1956) considered there were 
at least 3 physiological races of E. siniilis in Florida, IJ.S.A. 

Although sandy soils may favor the spread of R. siuiiJis from plant to plant 
there were no a])parent dilTerences in the intensity of attack in heavy clay 
and sandy soil. This is understandable since most infections originate at the 
“seed” rhizome and the spread is around the plant bowl. 


SUM^M.VRY 

“Black-head disease” of bananas is caused by the burrowing nematode R. 
siniilis. Xematodes enter a rootlet and pass through it into the cortical tissues 
of the fleshy primary root wlun'e they form lesions up to 4 inches long, which 
may gii'dle the I’oot. Lesions are brown to black with slightly sunken centers 
and longitudinal cracks. A root split centrally and longitudinally through the 
lesion shows that fliscoloi’ation of the tissues is confinefl to the cortex; the 
central stele is unaffected. Edges of the lesion are pink-red while the center 
turns brown to black with age. Although the stele is not invaded by the 
nematode the breakdown of the cortex exposes it to infection with rot-causing 
organisms and the entire root beyond the h'sioned area is killed. Root infec¬ 
tion lies mainly in the vicinity of the plant bowl as infection usually originates 
from the “seed” rhizome. This results in shortened roots, a typical symptom 
of R. siiiiilis infection on bananas. The rhizome is infected via a root and the 
lesions are diffuse patches up to 4 inches wide ami occasionally 2y> inches 
de(‘p. Xematodes, in all stag(‘s of development are j)resent in tin* pink-red 
tissues; the blackened tissm's (-ontain bacteria and fungi. 
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Morphological Anomalies in Male Haemonchus contortus 
(Rndolphi, 1803) Cobb, 1898 (Nematoda: Trichostrongylidae) 

from Sheep 

'WlU.AKD W. BeCKIA-XD 

Animal Disoase and Parasite Eesearek Division, Agricultural Research 
Service, U. S. Department of Agriculture, Beltsville, Maryland 

Morphological anomalies have been rej)orted in various parasitic nema¬ 
todes: Rhabditis, (Thomas, 1941); Haevionchus co)itnrtiis, (Madsen and 
Whitlock, 1958) ; Marslndlagia nwngolicaj (Andreeva, 1958) ; and others. 
Few studies have been made, however, of the incidence of anomalies in a 
large number of specimens from populations of a single species. During the 
cours(‘ of examining large numbers of H. contortus from sheep, the writer 
observed certain spicular anomalies, which api)eared to occur more frequently 
in male worms that had been exposed to phenothiazine than in unexposed 
worms. This paper describes in detail some of the prindpal anomalies, giv<‘s 
th(‘ir incidence in worm populations from treated and untreated sheep, and 
discusses their significance in relation to the taxonomy of this economically 
important nematode. Part of this data has been published previously in 
abstract (Bechlund, 1959). 

Matert-m, Axn ME/nroDs 

The H. contortus ])opulations were from fifi sheep: 21 in Georgia had had 
acute helminthiasis and 9 had been drenched with phenothiazine 1 to d weeks 
before necropsy; 4 lambs were at Beltsville, Md., and had been drenched with 
50 grams of phenothiazine 2 weeks before necropsy; 37 sheep were from wide¬ 
ly scattered parts of the country and H. contortus specimens from them had 
been deposited in the I'.S. National Museum Helminthological Collection from 
1900 to 1939 before phenothiazine was commonly used; and 4 untreated sheep 
wer(‘ from Beltsville, Maryland and specimens from them had been dej)osited 
in the Collection from 1951 through 1958. 

The H. contortns specimens were usually fixed in 5 percent formalin and 
later preserved in a solution consisting of 92 jiercent of 70 i)ercent ethyl 
alcohol, 3 percent formalin, and 5 percent glycerin. For mici'oscopic examina¬ 
tion, these nematodes were cleared in a solution of 20 percent absolute alcohol 
and 80 percent phenol. Excei)t in a few instances, all of the male nematodes 
or at least 100 from each animal were examined. The abnormal males were 
separated from the normal specimens at a magnification of 27X and 54X on 
the basis of the conformation of the spicules. Of 265 abnormal males, 40 (8 
randomly selected from each of 5 treated sheep in Georgia) were studied in 
detail to illustrate the anomalies observed in tlu' entire group. Several f(‘male 
worms in the populations containing the abnormal males were also examined 
for possible abnormalti(‘s. 

Resit.ts 

All of the abnormalities occurred in male worms; none were observed in 
females. The anomalies appeared to be confined to morphological changes in 
the spicules, the gubernacidum, and the dorsal lobe and supporting ray of the 
bursa. 

Description oe Axo.uai.ies : The body length of the 40 anomalons males 
studied in detail ranged from 10 to 15 mm., whereas, normal males may be as 
long as 20 mm. 
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The si)ieules (Eig. II, 2-6) varied greatly in length and eonforinatinn. 
They were also shorter than those of the normal males whieh were approxi¬ 
mately 420 microns long and equal in length (Fig. II, 1; Fig. lA^). In some 
specimens the spicules were equal whereas in others they were uiu'qual ami 
differed as much as oue-third of the total length. The length of the left 
spicule ranged from 190 to 297 microns and that of the right si)icule from 178 
to 350 microns. Generally, the spicuh's of the abnormal males were twisted 
along their longitudinal axis, whereas the normal spicules were straight. They 
also had pronounced ridges, and unlike the normal spicuh' terminated bluntly 
without small knobbed tips or had salient barblike projections near their distal 
ends. 

Tlie gubernaculum (Fig. 1, 4) in these specimens was much shorter and 
broader than those of the normal male. It measured from 102 to 180 microns 
long by 27 to 58 microns broad, and was bluntly fusiform to “teardrop” in 
shape. This organ in the normal male (Fig. I, 2) measured approximately 225 
microns long by 25 to 35 microns broad, and was fusiform iii shape. 

The lobes and supporting rays of the bursa were normal in 38 of the 40 
specimens with abnormal spicules. In two males, the dorsal rays and lobes 
were abnormal. In one male, the branches from the stem of the dorsal ray 
(Fig. I, 3; Fig. Ill) were shorter than those of nojanal males' (Fig. I, 1; Fig. 
IV), and the left branch was divided jiear its base to form an anomalous third 
long slender branch that was directed posteriorly and supported a long narrow 
projection of the dorsal lobe. This third branch and extension of the dorsal 
lobe was observed only in this one specimen. The branches of the dorsal I’ay in 



Figure I. Baemonchvs covtortiis 1. Normal dorsal lobe. 2. Normal gubernaculum. 
3. Abnormal dorsal lobe. 4. Abnormal gubernaculum. 
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6.6 to 47. No abuoi'inalitie.s wevo obbcrved in o o.xposed populations. The 
percentage of abnoj'iual worms in the o3 nnexposed population,s ranged from 


0 to 0..3. 


DisoimsioN 


The results suggest that spicular anomalies occur rarely in unexposed popu¬ 
lations of H. con tortus hut that this incidence is greatly enhanced by ex- 
])o.sure of the worms to phenothiazine in thei'apeutic doses. Ai)parently, this 
anthelmintic has an advei’se effect on spicular dc'velopment in the larvae. 
The failure to observe spicular anomalies in some of the exposed populations 
may he due to a low incidenc'e or absence of susceptible larvae in the host 
animals at the time of medication. Additional study is recjuii'ed to .substantiate 
these observations. 

Among the abnormal male 77. co)itortus specimens wcu'e sevc'ral that closely 
i-esembeled Hariimncliiis hoKitus Travassos, 1914. These' specimens differed 
slightly from the description of 77. luriatus by having minute bifui’cations at 
the distal ends of the dorsal ray and a more or less straight gubernaculum. 
77. lunatus was describeel by Travassos (1914, 1921) fi'om an incom])lete male 
collected from Bos taurus in Brazil. Lins de Almeida (1933, 1935) considered 
77. lunatus as one of 7 valid sieecies of Haeiiinnchus; however, he statc'd this 
species may ])i‘ove to be an anomaly of 77. rontortvs. In 1958, Madsen and 
Whitlock desci'ibed a male 77. contortiis with deformed spicuh's from a sheej) 
and referred to 7/. luvatns as a case whei'e a comparable deformity was used 
to erect a new six'cies. These writers state; “We do not wish to imply that 
this specimen is identical with Travassos’ sole si)ecimen of 77. lunatus, even 
if the measurements agree well. The finding of such a specimen, which is 
((uite rare in our experience, indicates that such aberrations do occur and 
that th(‘y are likely not to be of spc'cific significance.” Tn view of the foregoing- 
observations and the fact that since the original description was published 
77. hvuatus has not again been reported, it is placed in synonymy with 77. 
contortus. of whicli it apjiears to h(‘ an anomaly. 



Figure ITT. Baemonchns contortus Figure TV. Normal 11. eontorlns 
male witli abnormal dorsal lobe, spicules, male, 
and gubernaculum. 
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TABLK 1—Diitii on auoiniilios in innlc Ha/moncliius coiiiortitft spoeiinens from 
treated and untreated sheep. 


Source of 

si)ecimens 

Sheep 

(number) 

(number) 

!Male Worms 
(number) 

(percent ) 

Recovered 

Examined Abnormal males 

Treated* 

Georgia (1957) 

1 

5,300 

030 

14.0 

Georgia (1958) 

1 

8,000 

318 

9.7 

Georgia (1957) 

1 

1,498 

515 

9.5 

Georgia (1958) 

1 

180 

180 

8.3 

Georgia (1958) 

1 

0,200 

181 

0.0 

Georgia (1955-1958) 

4 

3,870 

450t 

0 

Marvland (1959) 

1 

3,840 

100 

47.0 

Maryland (1959) 

1 

1,080 

100 

12.0 

Maryland (1959) 

1 

1,280 

100 

10.0 

Maryland (1959) 

1 

3,240 

100 

0 

P'ntreated** 

Collection (1900-1939)# 

37 

4,381 

4,381 

0.02 

Collection (1951-1958)# 

4 

043 

043 

0.3 

Georgia (1955-1958) 

12 

47,910 

1,1001 

0 


■■TlierapeuticaHy dreiudied ^Yitll plienotliiazine 1 to d weeks prior to necropsy, 
t Rstiinated. 

*-'Never treated or had not received a therapeutic dose of ])lienothiazine for at 
least 4 weeks ])rior to necropsy. 

^T^.S.N.IM. Hehn. Coll., Parasitological Laboratory, Beltsville, Maryland. 


SUAUIAUy AND COXCLTISIONS 

Morphological anomalies involving the spicules, the gnbernaculum, and 
the dorsal lobe and supporting I'ay of the bursa in male Harnionchus contort hs 
specimens exposed to pheuothiazine were studied. 

Observations were made on 35,088 male specimens from 13 sheep treated 
therai)eutically with phenothia/.ine and on 52,934 specimens from 53 untreated 
sheej). The ])ercentage of worms with spicular anomalies in exposed popula¬ 
tions ranged from 0 to 47.0; th(' ])ercentage in the unexposed ])opulations 
ranged from 0 to 0.3. The evidence indicates that spicular anomalies occur 
occasionally in unexi)osed H. contortn^ populations and that the incid(mc(! 
of these anomalies is greatly enhanced by exposure to })henothiazine in thera¬ 
peutic (loses. 

H((cn)on(hns Innatns Travassos, 1914, is i)laced in synonymy with Tf. 
(■o)it/)rtii!^, of which it appears to be an anomaly. 
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Schistocephalus thomasi, n. sp., (Cesloda: Diphyllobolhriidae) 
from Fish-eating Birds 

CIeorck S. Caroiax 

Di'partnient of Zoology, Southern Illinois I'niversity 

The author spent two sunnners with Profi'ssor Lyell J. Thomas at the 
University of Michigan’s Biological Station located at Douglas Lake in north¬ 
ern Michigan. During this time pseudoiihyllidean cestodes of the genus 
Schist,oc.epiMliis wei'e found as larvae in the coeloinic cavities of various small 
lish (chiefly of the family Casterosteidae), as adults in the intestines of fish- 
eating gulls and terns, and as moribund adults in the water and windrows 
around gull rookeries. M'orms wei’e collected and flxi'd in Bouin’s solution. 
M'holemounts were stained with Delafleld’s hematoxylin while transverse, 
sagittal, and frontal serial sections cut at 10 microns were mordanted in 4 
])ercent iron alum and stained with Heidcudiain’s hematoxylin. Examination 
of these slides of adult worms showed signittcant moi-phological differences 
fi'orn that deserihed for Schistoccphdhis solidus (O. E. Muller, 1776), the 
only valid species in tin* genus. On the basis of tlu'sc' differences the speci- 
nums are considered to rei)r('s('nt a new species foi' which the following de¬ 
scription of the adult is given. 

Schistocephnlus thoiiiusi, n. sp. (Figs. l-d). 

Body ovate-lanceolate; light brownish-white in color; 46 to 90 mm long; 
If.8-6 mm broad. IVEaximum breadth in anterior Va of worm. Complete seg¬ 
mentation of strobila with agreement of internal and external divisions. 
Pi’oglottids elongate in posterior % of worm. Scolex short (0.82 mm), tid- 
angular, with apical pit; no bothria present. Neck absent. Segments without 
lateral emarginations. Cuticle 6 microns thick and composed of two non- 
cellular layers. Cortical musculature in form of alternating layers. Ontei-- 
most longitudinal muscle in bundles 12 mici'ons thick; outer circular muscle 
bundles five microns; inner longitudinal bundles 42 to 60 microns thick and 
80 microns wide; and inmu'most circular mus('le bundle 20 nncrons thick. All 
muscle layers continuous through length of strobila. Outer two layers also 
continuous at lateral border from dorsal to ventral snid'ace. Inner two layei's 
not passing around side. Functional rc'productive organs present in all 
l)roglottids beyond 16th or 17th except for unditferentiated terminal segment. 
Testes oval, 70 to 78 microns by 40 to 60 microns and number about 800 per 
segment; extending throughout dorsal medullary parenchyma except lacking 
above uterus and vas deferens. Vas deferens coiled and expanded up to 35 
microns; convoluted above uterus; passes into seminal vesicle by single, curved 
duet 20 microns in diamet('r. Seminal vesicle far anteilor; ovale (120 by 150 
microns) circular to (150 microns in diameter) ; thin wall of 14 microns i)oorly 
umsc,ulariz,ed, passing directly by constricti'd tulx' of 15 microns diameter into 
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eiiTiis sae. Cirrus sac- c-ircular to trigonal shaju', loO to 180 microns in diam¬ 
eter; located directly below seminal vesicle; loose cellular wall 18 microns 
thick containing scattered muscle fibers. Ductus ejaculatorius not distinguish¬ 
able from cirrus. 

Ovary dumbbell-like in shape 200 microns wide with lateral expansions 80 
by 66 microns and 50 microns thick. Ovary ventrally located in posterior-mid¬ 
dle of proglottid. Oviduct emerges from center of isthmus between ovarian 
lobes. A poorly developed oocapt 24 microns in diameter located at point 
of emergence; oocapt of a delicate, low cuboidal to squamous epithelium sur¬ 
rounded by inner circular and outer longitudinal and diagonal muscle hbers. 
A^agina 30 microns in diameter with a slight expansion immediately prior to 
its union with oviduct; unites with oviduct beneath uterine coils along mid- 
sagittal line. No seminal receptacle. Oviduct proceeds obliquely dorsolateral- 
ly to ootype, iuto which common vitelline duct also empties. Ootype sur¬ 
rounded by Mehlis’ gland; the entire complex being about 50 microns in 
diameter. 

AGtelline glands extend in an unbroken sheet from proglottid to proglottid 
in cortical layer between outer circular and inner longitudinal muscle bundles, 
completely encircling each mature segment except for areas above and below 
the uterine coils and around genital atrium. Individual acine numerous, 30 
to 48 microns in diameter except a few laterally located up to 90 by 48 
microns. A common vitelline duct 15 microns in diameter formed in median, 
ventral, cortical layer by union of two short right and left vitelline ducts 8 
microns in diameter. Common vitelline duct proceeds dorsal directly to cotypc', 
expanding slightly into a club-shaped vitelline reservoir 40 by 25 microns. 
Utei’us proceeds anterio-ventrally fi-om ootype; expanded with eggs, con¬ 
voluted, and with a thin, delicate epithelium. Its terminal coil brings uterus 
to a. position posterior and slightly to one side of cirrus where it passes 
through cortex to open as uterine pore in genital atrium. This pore alternates 
irregularly from left to right side of the cirrus pore. 

The oval, operculate eggs measure from 54 to 60 microns long by 35 to 40 
microns wide and undergo cleavage while retained in uterus. 

Two major nerve trunks occur laterally located. Each about 60 microns 
in diameter with only a slight expansion in scolex where they unite. 

Numerous small, thin walled excretory ducts brancli and anastomose through¬ 
out the medullary parenchyma, unite in anterior and imsterior ends of worm. 

Hosts; Lams argentatus Pontoppidan (Herring Gull) and Strrna Itirundn 
L. ( Common Trrn ). 

Habitat: small intestine 

Locality ; Pismire Island, Lake Michigan, Emmet County, Michigan. 

Specimens: F.S.N.M. Helm. Coll. No. 39416 (holotype) and 39417 (i)ara- 
type). 

Distinguishing features separating N. tliomnsi from 6'. solidus: Soliisto- 
cephalus solidus is described as having a large seminal receptacle; a seminal 
receptacle is absent in this material of S. tliomasi. All valid descriptions of 
the vas deferens of S. solidus place the expanded, coiled portion ventrally and 
closely applied to seminal vesicle. This is not the condition found in these 
specimens. Here the coiled vas deferens is located above the uterus and pro¬ 
ceeds ventrally by a relatively long, narrow duct into the seminal vesicle. The 
seminal vesicle also appears different in the two species, surrounded by a 
thick, muscular wall in S. solidus while in S. tliomasi the vesicle wall is very 
thin and poorly muscularized. 
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All drawings made with the aid of a cainera lucida. 

Fig. 1. Scolex of whole iiioiint .showing nerve cords and excretory ducts. 

Fig. 2. Egg showing segmentation. 

Fig. 3. Cross section through mature proglottid showing most female org.ans and 
their arrangement. 

Fig. 4. Cross section detail of extended cirrus. 

Fig. o. Cross section through anterior portion of mature proglottid showing 
most male organs and their arrangement. 

CM, circular muscle; C, cirrus; CS, cirrus sac; E, egg; EX D, excretory duct; 
LM, longitudinal muscle; N, lateral nerve cord; OP, operculum; O, ovary; OT), 
oviduct; OCM, outer circular muscle; OEM, outer longitudinal muscle; SV, seminal 
vesicle; T, testes; U, uterus; VG, vagina; VD, vas deferens; VIT, vitellaria; 
AGT I), vitelline duct. 


Copyright © 2011, The Helminthological Society of Washington 




‘202 PKOCEKDINGS OF THF [ Vol. 27, No. 2 


J)lSCUSSION 

Tlic gcnu^ Scliistocephahis ai)poai’s to bo oosniopolitan in distribution having 
boon found in such scattered localities as the British Isles, Sweden, Italy, 
Haiti, Greenland, and the United States (Alaska, California, and Montana). 
However, almost all of the morphological and taxonomic studies of the genus 
have been made from European s))eciniens, the latest one is by Hopkins and 
Smyth (1951). Arthur R. Cooi)er (1918) in his monograph oil the Pseudo- 
lihyllidea compared the available descriptions of European species and dem¬ 
onstrated that all of the previous specific dift'erentiations were based upon 
natural variations between individuals or different stages in the life history 
of the single species Schistoceph(ihif< xolUTini (0. F. Muller, 1776). Cooper’s 
study of American material, however, was limited to the five lots and among 
these he had only one mature specimen. From this he concluded that the 
American species is the same as that found in Europe. Linton, the only other 
American to report on the morphology of Schistocephahis (1898, 1927) gave 
very little detailed information, confining his remarks primarily to external 
features and measurements of the single adult recovered from a pied-billed 
grebe {Podilpmbus jxxliceps) collected at Woods Hole, ^Massachusetts. He 
accepted the Euroi)ean name S. dixiorphns Creplin, 1829 {=S. solidus 
(Muller, 1776)) with reservation since his specimen showed such distinctive 
external characteristics as lateral emai'gination of the anterior segments, the 
])resenc(> of two flat, leaf-like bi'othi'ia, and the absence in larvae of single 
dorsal and ventral longitudinal median furrows. 

Cre])lin in 1829, after a study of the genus Botliriocephahis^ found that li. 
solidus did not belong to this group and erected a new genus and species for 
it, Schistocephalus diuiorphus. Most taxonomists readily accepted the estab- 
listment of this new genus but felt that he violated the law of priority in not 
continuing the specific name first given by O. F. Muller (1776) for the larval 
stage of this worm {Taenia solida). 

During the 18th and 19th centuries these five additional species were de¬ 
scribed: Hehistoeephalus gasterostei (Fabr., 1780), S. nodosus (Block, 1782), 
S\ diuiorphus Creplin, 1829, S. rhgnchichtli/dis Dies., 1863, and S. zsehokkei 
(Fuhrm., 1896). They have all beem relegated to synonymy with S. solidus 
(O. F. Muller, 1776) by snbse({uent work, especially that of Cooper (1918) 
and Joyeux and Baer (1936). 
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Notes on the Identities of Mermithid Parasites of North American 
Mosquitoes, and a Redescription of Agamomermis culicis 

Stiles, 1903 

U. E. Wklch 

Entomology Rosoaroh Institnto for Eiologirnl Control 
Rosoiiix'li Erancli, Canada Dei)artnu'nt of Agrumltnre 
Bolleville, Ontario 

At least nine reports of nierinithid nematodes jaarasitie in mosquitoes are 
in the North American literature. Of these only three name and describe the 
parasite: the others give only a few measurements or biological details. This 
lack of identification stems from the fact tliat parasitic mermithids are larvae 
and possess few of the adult characters used in the identification of the 
Mermithidae. A study of the growth and habits of IT/iclromer»iis clnirchill- 
rvsis Welch, 1960, made it possible to analyse the biological details given in 
some of the.se reports. The procurement of type material, and of specimens 
on which these* j'cports were based jjermitted a comparison of the forms and 
a determination of tin* actual number of species involved in the nine recoi'ds. 

Stiles (1903) described Agavioworwis culicis Stiles, 1903, from the two 
spc'cimens collected by Smith (1903) from adult Acdcs sollicitcDis (Walk.). 
Stabler (1902) recorded a mermithid from larvae of Acdcs rc.vans (Meig.), 
diilc.c sdliiKiyiiis Co(|., and Cities pipictis L. Comparison of Stabler’s speci¬ 
mens with the tv|)e of A. culicis, U.S.N.M. Helm. Coll. No. 9401, showed them 
to be the same. This is also sup[)orted by the fact that Stabler’s worms wei'e 
collected within 60 miles of Smith’s. Parasitism of different stages of the 
host, or different hosts, appears to be unimportant, as larvae of H. clnirclnll- 
ciisis were found by Welch (1960) in both larvae and adults of .Icdc.s coin- 
nninis (DeC.), and in larvae of Mochloiiii.)- sp. and Chaohoriis sp., both 
gen(‘ra of another subfamily. The mermithids reported by Johnson (1903) in 
larvae of Anopheles sp. from New Jersey were probably also A. culicis. 

Hearle (1926) observc'd a nematode in adults of Acclcs vesons in British 
(k)lumbia in 1920 and 1921. Steiner (1924) identified this mermithid as 
Poramermis canodcusis Steiner, 1924. He described six hypodermal chords in 
this species but illustrated eight, so that tin* generic assignment of the speci(‘s 
is doubtful. The types wc're housed in the Canadian National Collection and 
found to be larvae. Examination revealed eight chords and an absence of 
criss-cross fibres in the cuticle, characters suggesting Hiidromcnnis Corti, 
1902. Definite assignment of the sj)ecies to this g(‘nus is prevented, however, 
by the absence of definitive adult characters in these larvae, and poor condi¬ 
tion of the specimens. It would be better for the present to designate this 
■s/^ecies a species inquirendae and assign it to the collective group, Agamomer- 
iiiis Stiles, 1903, for species basc'd on immature specimens. 

Jenkins and West (1954) found a mermithid parasitizing larvae of Aedes 
comtnunis (l)eG.) at Churchill, Manitoba. Welch (1960) named this nematode 
H. churchillcnsis and described its bionomics and incidence. 

Hearle (1929) found an adult female Aedes /Inrescens (Muller) in Bjutish 
Columbia, to be parasitized by a small nematode. It is unlikely that this was 
a mermithid. 

Larval mermithids found in mos(]uito larvae and adults have little internal 
structure visible, their body being completely filled with an opaque tropho- 
some. A small caudal structure, variously named the caudal appendage, the 
terminal spine, or the caudal papillae is present. Several authors attribute 
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(ling'iio.stic significjuu'c to it, but this .seems unjusti.flecl siuec* it oceiu’s iii most 
mermithifls and represcmts only the terminal portion of the larval tail. After 
(‘rnergenee from the host the internal structure of the free-living fourth larva 
is moi'e easily seen, but the gonads are not yet formed. After moulting the 
ti'ophosome in the adult almost disappears and the body is filled by the gonad. 
With care head structure can be seen in the parasitic and free-living lai’vae 
and is of diagnostic value. 

My studies suggest that three species of which two are niquirendae 

have been found parasitic in North American mosquitoes. Laird (1956) re¬ 
viewed the world records and postulated the existence of at least four si)ecies. 
One of these included Rtabler’s (1952) foian of A. ndici^. M'ithout mateilal 
it is difficult to determine if any of Laird’s other three species are similar to 
-1. cnnadensis or 77. clinrrhdle)>si:^. 

Free-living larval stages of the three sin'cies from North America closely 
i-esemble one another, but may be separated by several combinations of char¬ 
acters. A comparison of the ratio of head width and greatest body width 
shows this ratio to be one-third to one-foiirth for H. churchilloisis and -1. 
cidicis and one-fifth for A. ca'Uddoisis. The amphids of the fii'st two sjmeies 
are also smaller and less conspicuous than those of the last si)ecies. The head 
has a flatter cone-.shape in H. r]inrclnUc'>i!<is than A. cidicis, and when the 
spicule anlagen is present it is shorter and more robust in the former than 
the long slender anlagen of the latter. The terminus within the last lai'val 
skin of A. cidicis is rounded, that of -1. canadensis pointed, and that of II. 
chnrchillensis usually irregulaily rounded. 

The following is a nalescilption of A. cidiiis ba.sed on Stih's’ typ(“ and 
Stabler’s specimens. 

Agamomermis cidicis Stiles, 1903 

T.m .MATURE Ani'ET WITHIN LARVAE CUTICLE; Stiles’, 1 specimen: L 11.1 mm., 
IV 0.18 mm. 

Stabler’s, 9 specimens; L Av. 14.8 ±: 0.6, R 11.8-17.5 mm.; IV Av. 0.19 
± 0.01, R. 0.15-0.21 mm.; HW Av. 0.049 ± 0.002, R 0.043-0.056 mm. 

Body tapered from nerve ring foiAvard, and of even width behind nerve 
ring. Head width/maximum body width, Stiles 0.30; Stabler, Av. 0.26 ± 0.01. 
Cuticle thin, 2-3 microns, without criss-cross fibres. One hypodermal choi'd 
in each dorsal, ventral, lateral, and submedial position; lateral chords each 
contain three rows' of cells. Head homocephalic; lip-region cone-shaped; 
groups of papillae in each lateral and submedial position, in one plane, hex¬ 
agonal in position in face view. Amphids small, imuch-shaped, opening slight¬ 
ly dorsal to lateral papillae. Mouth terminal, oesophagus narroM', 3-4 microns, 
length undetermined. Nerve ring 180 microns from mouth. Troiihosome com¬ 
mences 200 microns from mouth, terminates 240-250 microns from terminus, 
filled with fat globules. Adult terminus rounded, cuticle rlrawii out into fila¬ 
ment 60-100 microns in length. 

Timmatxire Male; Rtabler’s, 1 specimen: L 9.5 imm, 5V 0.13 mm. 

Body, cuticle, hypodermis, and head structure similar to female. Single 
slender spiculum, 229 microns long, 69 microns wide, slightly curved, with 
ba.se 0.42 mm. from terminus. Tail tapered to rounded terminus. 

The species could be assigned to Hi/dronicrniis as erected by Corti, 1902, but 
not to this genus as emended by Daday, 1911. Assignment of the species at 
this time would be unwise, for the female of the species is unknown and the 
generic diagnosis of the mermithids unsettled. 
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A (/amoiticnuis riiliris Stiles, 1903 

I'Mg. 1. Hoad of iaiinature female, end on view. 

Fig. 2. Head of iininature female, dorsal view. 

Fig. ,3. Tail of immature male, lateral view. 

Fig. 4. Cross section of immature female. 
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Capillaria bonnevillei, n. sp., (Nematoda: Trichuridae) 
from the Ord Kangaroo Rat in Utah"'' 

Albert W. Grt xdm.vxx and Johx C. Fr.vxdsex 

One eoni})lete female (the allotype) and 4 complete male nematodes (holo- 
typc' and iiaratypes), in addition to several incomjilete worms, were recovered 
from formalin-preserved hosts. The nematodes were cleared in Amann’s 
chlorolactophenol and examined in temiiorarv laetojihenol mounts. Female 
measurements are those of the allotyiie only. The sample of twenty eggs 
measured was drawn from several females. In th(‘ description of mah's, meas¬ 
urements and numerical data are given for the holotype first, with the corre¬ 
sponding data for the J jjaratypes following in parenthesis. All measurements 
are in millimeters. 

CapiUaria n. sj). 

Fe.m.vle: 19.8 long; 0.102 wide just posterior to vulva; maximum width 
0.200. Fine cuticular annulations present. Bacillary line not observed. 26 
paresophageal nuclei. Beginning of stichosome 0.087 from anterior end; 
length of stichosome 4.640. Vulva slightly posterior to termination of esopha¬ 
gus, 5.8 from anterior extremity; labia slightly salient; heavily muscular 
ovejector present. Gravid uterus fills bodv cavitv. Measurements of sample 
of 20 ova: length: range 0.041 to 0.059, samijle mean 0.0511, sample stand¬ 
ard deviation 4.8; width: range 0.020 to 0.029, sample mean 0.0243, sample 
standard deviation 0.6. Outer shell of egg with numerous irregular, short, 

■ ncpartim-nt of Zoolof;y and KntoiiioloKy, L'niversify of ftali, 

This .study was supported iiv tlie I'niversity of Ut'a.li Researeli Committee and i)y a 2 .-rant 
((;-:V2S0) from tlie Xational Science Foundation. 
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longitudinal striae; inner shell lornis slight eollar lor opereular plugs at ends 
of ovum. Cauda terminates in 3 lobes, 1 terminal, 2 latero-ventral. Anus 
slightly subterminal, situated at base of caudal lobes. Vulva divides body 1:3.4. 

Male: 14.9 (15.1, 16.0, 12.35) long; maximum width 0.130 (0.152, 0.14S, 
0.139). Fine cutic'ular annulations prc'sent. Bacillary line not observed. 36 
paresophageal nuclei present in holotype, 33 i)resent in the 1 i)aratype in 
which they wm-e all distinctly visible. Termination of esophagus 4.54 (4.65. 
4.55, 4.26) from anterior end. Spicule sheath armed with line spines. Spicule 
stout, with faint transverse striae. Spicule 0.285 (0.300, 0.275, 0.240) long, 
maximum width 0.020 (0.020, 0.016, 0.016). Cauda terminated by 2 poorly- 
fornu'd lobes, each lobe bearing a single bilobate papilla (Fig. 4). Bursa 
lacking. Cloacal opening slightly subterminal, at base of caudal lobes. T(‘r- 
mination of esophagus divides body 1:3.3 (1:3.2, 1:3.5, 1:2.9). 

Host: Ord Kangaroo Rat Dipodomifs ordii DKoslxdli (Joldmaii. 

Habitat: Duodenum. 

Locality: Vegetated dunes of Stansbury Island, Grmit Salt Lake, Tooide 
County, Utah. Fdevation 4,200 feet. Collected 11 July 1957. 

Repository oe Types: Holotype and allotype in Helminthological Collec¬ 
tion, United States National Museum, Washington, D. C. Para types (3) in 
Museum of Zoology, University of Utah, Salt Laki* City. 

In the key of Read (1949), this species keys down to Capillaria amrricana 
Read, 1949. The present species differs from C. amcricana by possi'ssion of 




Figure 1. Posterior end of male, showing armed spicule sheath. 
Figure 2. Vulvar region of female. 

Figure 3. Egg. 

Figure 4. Cauda of male, showing bilobate papillae. 
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the following morphological features: an armed, instead of an unarmed, 
spicule sheath; bilobate papillae on the caudal lobes of the male, in contrast 
with simple papillae on the caudal lobes of males of C. aniericaiia ] and the 
apparent absence of bacillary lines in specimens of C. honnevillei, as con¬ 
trasted with their presence in specimens of C. americana. Members of the 
2 species would also appear to differ with regard to measureable characters, 
but here the small size of the sample of C. honnevUlci handicaps one in 
making accurate estimates of the parameters. 

Literature Cited 
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Brayton Howard Ransom Memorial Award 

Trustees of the Brayton H. Ransom Memorial Trust Fund announce the 
establishment of a commemorative award in recognition of excellence and 
achievement in parasitology. 

The award will be known as the Brayton Howard Ransom Memorial Award 
and will be administered by the Trustees of the Fund. It will be given at 
irregular intervals, but not more often than annually. 

Conditions of the award impose no restrictions of nationality, race or 
creed, or of lorofessional or scientific affiliation. 

Nomination of a candidate may be made at any time by anyone identified 
with parasitology and related sciences. It should be sent to the Trustees of 
the Fund and be accompanied by a supporting statement. 

Note : Because of Dr. Ransom’s distinguished association with the Helmin¬ 
thological Society of Wa.shington and the continuing dedication of that 
Society to the broad parasitological interests of Dr. Ransom, the Trustees 
have decided to make the first award, if feasible, on the occasion of the com¬ 
memoration of the fiftieth anniversary of the Helminthological Society of 
Washington, October 8, 1960, and on this occasion, to give some preference to 
a recipient whoso main work is identifiable with the general lines of investiga¬ 
tion pursued by Dr. Ransom. 

Trustees of the Brayton H. Ransom Memorial Trust Fund 
Myrxa F. J. Robertsox 
Kenneth C. K.\te.s 
Edna M. Buhrer 
Aurel 0. Foster, Sec’ji-Treaft. 

Gir.BERT F. Otto, Chairman 


Number 3 (Special) of Volume 27 

The Table of Contents for this volume. The Minutes of the Society Meet¬ 
ings, Report of The Brayton H. Ransom Alemorial Trust Fund, and Related 
Material will be included in Number 3 (Special) of this volume which will 
be issued after the Fiftieth Anniversary Meeting to be held on Saturday, 
October 8, 1960. 
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